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PKEr\CE AND CRITICAL REME^^ COiNIBINED 


On starting to wntp the prcf ice it occurred to the nuthoi-a. that it might 
be wcW to incorporate their own critical reaiew The thought existed it 
must be idmitted that bj pointing out the shortcomings m particular 
the wmd might be tal eu out of the sails of those of the rcM^'wcrs who will 
be impre ■'Od iargeh b\ the faults of this wort In other woriK wc are 
incorporating a little prophylactic criticism 
\Vhat IS meant b\ the last two words in the title Selected Studies? 
Wliat studies were selected’ Weio thoj selectwl m order that the hnal 
presentation might be a systematic coaenng of the entire field? Were 
the> selected for clinical import ime? Iso tfiej were selected because the 
authors had had some first liand evpcnoncc with them and felt tb it thes 
might lia\e something to contribute To this fact are to be attributed 
largely the man^ glaring hi itiisos on the one hand the over emphasis ot 
certain other features on the other hand 
‘\^ here one of the selected studies had prc\ louslj been published the 
authors did not hesitate to incorporate I irge sections of it almost a crhatim 
thej attcmpteil with eieiy section boueacr to bring it up to date and to 
integrate it closelj with the new d ita 
For those who arc not familiir with previous piibhcitionv from our 
group it might be stated th it we ire not content mercl> to present d ita 
wo attempt where possible to develop an hj-pothc is upon which to hang 
the obenatuns The h\pothesc«>— it almost fnllows—iro subject to 
change without notice 

The authors arc aw irc of some of the lilierties thc> have taken w ith the 
Ent,lish language 'Ihev have used manj medical colloquialisms Thev 
have followed the current vogue m mcdicil writing of u^ng nouns for 
ailjectnes It is more convenient if not such good I nghsh to use the 
expression scnim phoaphoruis instead of level of pho phorus in the 
serum Iho German language bv niniimg several nouns togithir into 
one word can cope with the dilficultj more simplj and aicuratelv, it 
wouhl employ the expression i>eruni‘p}ospho)gehaU 
Jn a- nil, tins noik jvprr^nts sm utcompicto sumniai^ of Fttuhis on 
calcium metabolism earned out on the Metal < he Waid (^^anl 4) of the 
IMassaclm pits Gencril Hospital over a period of 21 veins llescuchers 
have come iiul re«circhcrb have gone but the studies on calcium metabo 
lism hive continued unmtcrniptcdlv Indeed neither of the present 
imthors w^s a charter member of this group of mctibohc invosfigitors 
ciedit f )r the imti il impetus I clongs to Dr Joseph C ^ub and his a <0 
cutes for their now (las.ud studios on lead poisoning [Viib, Fairhall 
Minot, and llcznikofT (192j)1 
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\1 PREF\CE AND cnmc\l, RE\n\\ COMBINED 

The studies here selected ha\e been earned out with the help of a large 
number of collaborators, most of whom appear at one time or another as 
joint authors of our p^e^^o^slJ published reports The more recent m ork 
which has not been published has been earned out m conjunction wnth 
Dr Fredenc C Bartter, Dr Charles H Burnett, Dr Rus«ell W Fraser, 
Dr Anne P Forbes, Dr Laurance W ICinscll, Dr Harrj F IClmefoltcr, 
Jr , Dr AVilliam Parson, Dr Patncia Smith Benedict, and Dr Hir«h W 
Sulkowitch To these names must be added those of E\clj*n Carroll, 
I Dwell D Cox, Eleanor F Dempsey, Elizabeth C Donaldson, Esther 
Bloomberg Gordon, Grace C Gmwold, Priscilla ^Mutc Lindsaj, Marian 
MacAulay, Dorothy Brj ant Nodine, Robin M Suby, and Shirlej L Wells, 
to whom we are grateful for technical assistance 
Of the good and lutherto unpublished obscrxations contained m this 
book, many stem from that eminent pathologist, the late Professor Jacob 
Erdheim of Vienna, at whose elbow during the 3 ear of 1930 one of us 
(F A ) had the good fortune of standing and picking up the pearls W 0 
wore pleaded to note that Dr Joseph P Wemmann and Dr Harr) Siclier, 
in their rccentl 3 published excellent book entitled, "Bone and Bones” 
[TheC V ^fosby Companj (1047)|, dedicated their work to this renowned 
Viennese m\estigator Professor Enlhcim made man} fundamental 
obscr\ ations on the patholog) and functions of the parath} roid glands and 
on tanotis fonns of bone disease, to him belongs the credit for first con 
necting the parath 3 TOids with calcium metabolism when in 1900, he showed 
that parath} roidectomy resulted m o calcification of the dentine of rats’ 
teeth 

A number of professional colleagues in the Massachusetts Gcncnl 
Hospital and elsewhere ha\e generously assisted in man} wa }3 in the 
studies herein reported Although it is impossible to name all of thc'P 
mdiMduals, we want to thank all of them, and especiall} those listed 
below 

Dr Alexander P Aitkcn (for referring Case Ko •! to us for eCud>), Dr H I 
Anspach (for auppl>ing further data on his casts of hipcrparathjroidism). Dr 
Joseph C Auband the editor of the Journal Clinical Inxestigxtion (for pcrmis 
Sion to rcchart and publish Fig 123), Dr David P Barr and Iho editor of the 
Araoncan Journal of the Nfedica) Sciences (for permission to reproduce Og 30), 
Dr Alfred K. Bates (for hia cooperation in the study of Case No 20), Dr Waller 
Bauer (for permission to report his data on Case No S and hlg 51), and the editor 
of the Journal of Clinical Investigation (for permission to reproduce Hg 59), Dr 
Edmund E. Beard (for pcrmi'Sion to report the data on lus case of pscii lo-hjpo- 
parathyroidiam), Dr William Beckman (for calling our attention to and giving us 
permission to report the data of Caso No 2S), Dr Dudley W Bennett (for jwrmis 
Sion to report his data on Case No 2D, Dr Granville A Bennett (for permission 
to report his data on Case No Sandllg 51, for rcvicwinglne pathological sections 
of the case of Dr L. A Milkman (1934), of Case No 21 and of Case No 23, and 
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for permission to reproduce the photomicrographs of Fig lOTandofFig 147), Dr 
ICennethP Bird (forhiscoopcratioomthefitudf ofCasc^o 27), Dr FrederickC 
Bost (for permission to report his data on Case No 21) , Dr John S L Bron ne 
(for permission to report the data on hia case of pseudo hypoparathjToidism, and 
for numerous stimulating discussions of various aspects of our w ork) , Dr Carleton 
W Bullard (for his cooperation in the study of Case Iso 29), Dr J D Camp and 
the editor of Radiology (for permission to reproduce Fig 195B), Dr Benjamin 
Castleman (for review ing the microscopic findings of the case of byperparathj roid 
ism of Cutler and Owen (1921), for permission to report his autopsy data on Case 
No 2S, and for hia active collaboration in our investigations). Dr Edward D 
Churchill (for hia cooperation in the study of Case No 3 and many other patients 
with hyperparalhyTQidism), Dr James B CoKip (for determining biologically the 
hormone content of h\'pcrlrophied parathyroid tissue), Dr Charles L Connor 
(forpermission toreportbisdataoD CaseNo 21), Dr Oiiver Cope (for performing 
parathyroid biopsies on tw o of our cases of pseudo by poparathyToidism, and para 
thyroidectomies on Case No 1, Case No 2 many other cases of hy pcrparathyroid 
ism, and one case of Paget’s disease, and for his active collaboration in our invrsti 
gations) , Dr M Cutler (for supplying further data on Ins case of hyperparntbj 
roidism), Dr Charles If DuToit (for pernussioo to reiwrC hts findings concerning 
hennlopoietic function in liyTiorparathyroidiam), Dr Robert II Fennell, Jr (for 
perini«sion to quote his conclusions concermog our eighth case of ‘ Hypertrophy 
and Hyperplasia of the Parathyroids' ), Dr James L Gamble (for permission to 
reproduce iig 123), Dr Samuel L GargiU (for permission to rcchart and publish 
Fig &1), Dr Aleraader 0 Gutman (for permission (o report (he data on bis case 
of parathyToid carcinoma). Dr Louis Hamman (for referring Case No SO to us for 
study), Dr R R Hannon and the editor of the Chinese Medical Journal (for 
permission to rcchart and reproduce Fig 110), Dr George T Harrell, Jr (for 
supplying the illustration for Fig 45), Dr Richard 8 Hawkes (for referring Case 
No 26 to us for study). Dr John C Howard (for informing us concerning his 
caves of the syndrome of hypercalcemia due to prolonged and excessive intake of 
milk and alkali). Dr Bernard M Jacobson (for permission to quote his findings 
in multiple myeloma). Dr Aaron H Kallct (for referring Case No 29 to us for 
study), Dr EdwinJ Kepler (for hisadviccconccrning the treatment of Case No 
22), Dr If P Lange (for permission to publish os Fig 144 his procedure for the 
operative repair of the ‘ shepherd crook deformity" of the hip). Dr S H Liu 
(for referring to us for study his case of hyperparathyroidism without bone disease 
and without kidney disease). Dr H Edward MacMahon (for permission to report 
his autopsy findings in a case of polyostotic fibrous dysplasia). Dr Franklin C 
McLean and the editor of the American Journal of the Jfedieal Sciences (for per 
mission to reproduce Fig 3), Dr E A Merritt (for supplying further data on his 
cast* of hyptTpaiaVVpyTtrtdHan), Skr 1, A TAAkman (fc« supFAying VnsttAcpgicaV 
sections and x ray films on bis case of Milkman’s syndrome (1934)), and the editor 
of the Journal of Roentgenology (for permission to reproduce Fig 105) , Dr Earl 
R Miller (for permission to report Ins data on Case No 21), Dr GcorgeR Minot 
(for informing us concerning the dietary history of the case of hyperparat hyToidism 
reported by^^J]de^ (1929)), Dr Martin M Notbmann (for permission to report 
Ins data on the pancreatic ferments of Case No 22), Dr MiIliamA Rogers (for 
referring Case No 22 to us for study). Dr Marshall D RufTm (for pcrmi«sion 
to report bia autopsy data on Cose No 2S), Dr Alfred T Shohl (for permis 
Bion to report lus prescription for administering sodium citrate). Dr Arthur 
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M ®mith (forpcrmi-siontoreporthM«JalaonCa«c\o 21), Dr KoiiaMC SinlTcn 
(^()^IM.^mt«•<Ionto^c|)orthl8autop4^ dataonCugpNn 2^),D^ UimHllCi ^pra»ue 
(lor i>crinttt)ion to report the dita on hw ea-«e of pseudo h<poparith»roi<Ii«in), 
Dr Ilol crt b Stone (for {>enni‘^ion to report Iim data on C >'o 21 including 
Jig lOS and Fig 109), Dr Nathan B lallmt (for determining the urinara ll* 
o\a steroid excretions of Cai-e No 12ondCn.«eNo 17), Dr John II Talboltffor 
carrying nut kidnea function tesla on Case No 1), Dr George ^\ Tliornfforin 
forming us concerning hiscase««of thcs\ndromcof hipercalctniia due to prolonged 
andexccssiaemtakeofmitkaitdalhali), Dr Ciorge^t \anGordrr{/orh!3Cooprra 
tion inthestuda of Ca«e No 30), Dr JtmesC ANliitc (for his cooperation in the 
studj of Case No 23), and Dr I^waon Wilkins (for pennisHioii to report his data 
on Ci-t No 29) 

Fhp inxcstigattona herein reportet! Imc nxoivetl fitnnLiil ■'tippnrt from 
ntanx ‘'Oiirtcs Manj of the^ !ia\e been acknowletUctl m prctioii-* 
puhlicttions The c\pen*-es of tlic more recent unpnbli'hetl "tiiiliM were 
ilcfnucd 1)\ prints from the Jo'iah Jr roundation, tlie llockcfellcr 

Foundation, the Xntional Rrwnreh Council (Ommittee for Hc'oarrh m 
the Problems of SC's), the N'ttionil Vihi'ora Cancer Coimrd, the \meni in 
Cancer Soclet^ on the retonimindation of the Committee »n Growth tif 
the National Re<cnrch Council, nnd the Mm Oote Pittman Fund V 
bed supported bj the Mallinckrodt Chemical Compain on the ^Ietahollc 
^\ iird was used for part of these stuilie^ It la a pleasure for us to ncknowl- 
edge this ^.iipport 

\\e are grateful to the Schenng Corpomlion of IMoomfield, N* 1 , the 
Uintlirop C’Jiemicil Compint, Xcw York, X V , the f'li l.illi Compuit, 
Indnnapolis Indiana, Vvorvt, McKinna and llarri'-on Ltd , New York, 
N Y , Mcul Johnson and Compant, INanaxilli, Intluna, Merck and 
Corapaiu Rahwaj.X I , and the Cibi Corporition Summit, X J for 
generous donations of mcibciiiul pnxlucts, pirticuUrK honnone prepira 
tJon>, wliuh Jiate J>ecn emploxrd in some of the studies Jjirrm rrportcti 
\nd finalh, we are grealK indebtnl lo our setretanes, Mi-'s Uiith 
Gndj and Miss \ i\ lan Jolmson, for their untiring labors m the prppari 
tion of the manii enpt 'llieir in\aluable as'istance is griUfulli 
icknowledgcil 
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2S — Renal Acidosis Oslcomalacia, II>i)okah(.mi3 Ncplirolith 

lasis 251 

— I’oljostotic Fibrous Dj-aplaaia 2*b 

— PaRci'a Disease, Fracture of Right Femur, Osteotomy of I/cfl 

Femur, Post Menopausal Osteoporosis, Acute Atroplij of 
Disuse 


CnAPTCR 1 

THE PARATiryUOID GLANDS NORiSLVL AND 
PATHOLOGIC PHYSIOLOGY 

In the final anali'sis ver> little is knon'n about an>'thing and much 
tliat seems true today turns out to be onl> partly tnie tomorrow but as 
things go m medicine our knowledge of the interrelation one to anotho- 
of all the sequelae w Inch result from the action o*‘ the paraf hj roid hormone 
IS probablj clearer tlian that for any other hormone The authors have 
found it convenient to raal c some crude diagrams of the important stnic 
turcs and substances affected bj the hormone The reader howeser is 
cautioned against taking these diagrams too Iiterallj 
It will bo desirable first to consider the calcium and phosphorus metabo 
hsm in the normal or i5oparath> roid state m the adult before proceeding 
to the hypo and hyperparath> roid states 

Z ISOPSIUTinnOIDISM 

Iho normal scnim calcium \aluc is 10 0 mg per 100 to plus or minus 
one milligram At this lc\el a considerable amount of calcium is e\ 
creted m the urine so that on a calcium mtal c of 0 Oa gm there is a constant, 
drain of ctlcium from the bo<l} Tlie threshold for calcium cacrotion in 
the urjDC is about 7 0 mg per 100 cc Calcium i<» apparently also c'ccrrted 
into the g uitrointcstmal tract since on a very low calcium intake the 
ftcal cvcrction m vy be greater tlian the intake Other sources of calcium 
loss are the lactating breast (one quart of human milk contains area 400 
mg of calcium) and the placenta The latter becomes a source of aj) 
preciable calcium loss only during the last two months of pregnancy 
I ig 1 shows the relaln e unimportance of pregnancy as a cauoc of calcium 
depletion m the mother and the far greater drain of calcium from tlie mother 
during lactation Since over ninety mne per cent of tlie body c.ilcium 
IS contained in the bones or teeth it follows tliat if the calcium output from 
the above mentioned exits is greater (fian the calcium intake the deficit 
will Ime to come from the bones (or teeth) 

Whereas in the skeleton bone is constantly being laid down and rcsorbeil 
(nde tn/ra) there is no «uch tumo\er of tissue m the teeth It may bo 
tluvt there i& tv very slight mtcrcliange of calcium m the adult tooth but 
for all practical pu^pa.^os this may be di«reganled It hen tlio tooth is 
bting laid down there can be n calcification if the caltnim metabolism 
of the body is faulty , once the tooth is formotl however, there is no dc 
calcification This principle is well lUustraicvl I y the teeth of adult rats 
1 



Tju r\n\Tiniioitt gl.\np> \m> M>'T\jinnr now 


'Hie inci>nr Utlh of llip ral an lon'l intl\ \kiiia "om {)fT fro n wtihoul 
an<l n.iipnc<l fmm mtiun thebuk Kvth on the oilitr liand ire formwl 
jnce ami for all like human teeth If one puts an idult m on a delicimcs 
resimtn of the nght ^ort onf tan priKfiue ne ilcifu it ion of tlie ni « ih ntino 
l»cing laid donn in the incMir teeth liut the l»atk teeth remain normal 
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Tig 2 Diagrflmm'ttic Heproscntnlion of Cnlcium NfotabolKm in I«oparalh\Yoi(t 
Statp to 1 e Coitiparcil 'nitli Similar Di igrnnisfor )I\}.i<'r}nr'\tb\roidi<m Unit Unite 
Di^casc(Iig 10), II>p<rparallijToicli«m Uilhnul Unite l>isea«o (1 IK 11), utility 
popanlliMonli'm (Pir 9) 

1— confines of boih , 2— ni<hmcnt*ir} apprmljKes to make l>od> more ronli-itic 
3— spccinl compartment of both fluids t« npnsenl serum, 1— rcctiiriBUl ir innss 
rc()rtsenlmg cnlciGcd bone and liaving two surfaces one to llie left wlicre bone is 
biingrcsorbcd and one to the right wlierc Ikiw. is 1101118 formed 5— arrow indicating 
rate of cilciuin deposition into hone (ormiiiR surfiec, 0 — arrow indicitiiiE rate of 
bone resorption from bone rcsorhing sorfaecs, 7— nstcoblnsta 1 1 > ing il»w n unral 
cified matri\. (9) on hone forming surfaces, S — osteoclasts on bonr restirbingsiirfaci , 
9— UHcaJej/jed twJr/wd Jjissjjp JiwJ h% ositrolJasIs, ID— JJarX ilojs npri ^I'nhng 
calcium ions in boJj fluid*, 11— white dots nprtsenlinK ptiosphalt tom in (kkIj 
fluids, 12— localized increast of phnsphiti. 10 ns along bone depositing surfaces re 
Bulling from action of pLoopIntnsc, 13— gastro intestuia! tract, M— calcium enter 
ing lilt bodi m the fooil, l^calcium lieiiig nlewirl^ed from the gastro intestinal 
tricl, IC-nlcium being re excreted into the giatm inteslinal tract, 17— calcium 
being loat in tbe fccca, IS— Kidmjs, 19— ealciuna passing through the kidncas jinor 
to < xcretiori, 20— calcium lit mg Io«t m <Ke unne, 21 — airmge obtammg serum for 
niiahaia, 22— tooth, 23— cdcium being ilopositel into tooth during the tooth’s for 
2 uatio» 1 or further discu««ioo, tee teat {Irom Vlhrighl (lOlTa)) 



4 THE P^RATHYUOID GL.\NDS \ND metabolic bone DISE.ASE 

Phosphorus like calcium, is found in large amounts in bones and teeth 
(Ca P ratio approsimately 2 to 1) and in small amounts m botlj serum 
There, of pnme concern to the subject under discussion, is the ‘ inorganic” 
or ‘ phosphate” phosphorus whidi hereafter amU l>e called “serum phos 
phonis” The normal level for adults is 3 2 mg plus or minus 0 5 mg 
The level is 1 to 2 mg higher in growing children There are, in addition, 
in the bod> many oigamc phosphate compounds such as nueleo-protem, 
phospho hpids, and various phosphate esters which liberate phosphate 
ions on lijdroljsis Thus, a negative phosphorus balance does not necos 
sanlj mean tliat phosphates are leav ing the bones 

In Fig 2 the body is simplified to a rectangular affair with four ap 
pendages Wliereas the fluid in the bodj is reallj divided into several 
compartments (serum, interstitial fluid, etc ), on!> one compartment tliat of 
the serum is represented separately in the diagram as this compartment is 
easj to tap with a sjnnge m order to measure the substances in solti 
tion The bone of the bodj is represented bv a rectangular mass m the 
center of the bodj Since adult bone is covered bj two functionallv 
very di&simihr surfaces, one where new bone is being laid down and one 
where old bone is being resorbed, these two surfaces are indicated The 
gastro-mtestinal tract, the kidneys and unnar> passageways, and the teeth 
are also represented The direction and spe^ of calcium excliangc in 
the body is indicated by arrows and lines It will be necessary now tp 
examine each of the^ structures more closely 

(A) Composition of Bone 

Bone consists of organic matrix and inorganic matter The matnx is 
composed of a groundwork of ostcocytes and mtercellular substance, the 
inorganic matter consists cluefiy of calcium, phosphate, and carbonate 
Taylor and Sheard (1929) from a study of the refractive index and dif 
fraction patterns of bone salts, concluded that the sobd inorganic phase 
of bone, enamel, and dentine is composed of cry’stals of apatite minerals 
the general formula of which is nCa»(PO«)i CaXi From chermcal anal 
y'sis and x ray ‘spectograms Roseberry, Hastings, and Morse (1931) con 
eluded that the calcium salts of bone and enamel may be represented by 
the formula CaCOj nCaj(P04)i (dahlite) In a later paper Bogert and 
Hastings (1931) concluded that n approxunates 2 for untreated bone Tlie 
importance of all this as regards the subject matter to come is tliat bone 
morgamc matter is m the form of ciystaU, which at once su^e«ts for 
mation by precipitation and that the precipitation of the salt m question 
must be influenced by the calcium, phosphate, and carbonate ion concen 
trations of the fluid from which it is precipitated 
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(B) Bo)ie fomalton and Bone Bcsorplion — Hisiologtcal 
AepecU 

It IS not pioposwl to discu«>s here how hone is formed from cartihge 
during the grow'th of the skeleton The discussion is limited to how bone 
IS added to or subtracted from m the adult skeleton Under normal 
conditions bone is constantly undergoing metaplasia, i e it is being formed 
in some places and destroyed in others It should be emphasized that 
bone IS not cither being formed or deatrojed depending on the equilibria 
but that both processes are going on aide bj side at the same time To ba 
sure, at any one time one process may greatl> evcecd the other 
The actual bone tissue of the body has, of course a huge surface area 
In the cancellous bone the surfaces are greater per unit of bone than in 
compact bone Bone surfaces can he di\ided into three tiTics those 
where bone is being laid down, tho^ where bone is being rcsorbed and 
those where the status quo is bemg mamtamed Under normal conditions 
the last type of surface predominates 
On a surface where bone is being formed one secs with the microscope 
ne\t to the completed bone a thin lajer or scam of ‘ osteoid tissue (see 
Fig 2) Tlie osteoid tissue represents extracellular not >ct*calciried 
organic substance which has been laid down by the osteoblasts The 
latter are cells with single nuclei which he m rows on the outside of the 
osteoid scams Tlic calcium salt, presumably dahlito is deposited in the 
osteoid tissue and may be seen with the microscope m suitable preparations 
as fine spcfcks on the inner edges of the osteoid <5cams (see Fig 2) 

On tho«e surfaces where bone is being destroyed one sees foreign bo(l\ 
giant cells or osteoclasts There are at least three theones about thc«o 
Tlie to whjcli the authors rather incline, holds that the inorganic 
Mlt IS remoae^l from the matrix on these surfaces m accordance with 
the physical chemical laws which goiem the cqiiihbnum between the 
solid phase and the fluid (tide tn/ra) and tluit the osteoclasts represent 
foreign body giant cells clearing up the debns of organic matrix, (he second 
maintains that the osteoclasts bj their own vital actmtj cause dissolution 
of bone, the third supposes tliat the osteoclasts represent conglomerations 
of the ostcocj tea after the morgamc material lias disappeared Such m 
brief IS what one had learned about bone formation and resorption by 
microscopic methods To this knowledge can be added some reasonably 
likclj conjectures based on more circumstantial e\ idencc 

(C) Al/altne PJiospJiala^e 

The question ances is to why dalilitc can be dcpositc<l on osteoblastic 
Burfaccs at the same time as it is being absorbed from osteoclastic sur 



0 Tin r\n.vTinnoiD clands \\d itrrMiouc honj bismsj 

fices c'iK*(iall\ «mcc both phenomena nn pn»h'ihl^ oicurnnK in the mti 
mate rchtioii«hip to the «ame bwh fluiil Pre^timabh ‘■oniethinc take'll 
place at o-<tcoi»la«tic ^urfices fa\onnK deijo^tion A-* mil be di ctKcil 
below, a local increaM? m enlcium pho plule or bicarbointe ions would 
faaor «uch precipitation Tlicre i-* ion>*«IcrnbIe tMclcnce tint nitunlh 
there ma\ be an increase in phosphate ions due to the enz\me alkiline 
phosphatase This en 2 ^me lias the propertv of «p!ittin{' inorparuc phos 
phato off of orRanit phosphate tompoiind-* It is found in «izcable amounts 
in the teeth skeleton, inte'tinal tract, and the kidne\s Then isnormnlh 
a «mall amount in ‘serum In the skeleton and teeth it w onl\ fouml when 
and where calcium is hems deposited The h\pothcsts, |in»t sufuested 
In Robison (1923), holds tint it is an enzyme made In the osteoblasts 
(or odontoblasts or ad imantobla'sfs or ttmcntobl ists) which b\ its action 
increases the inorganic phosphate localU m hone forming (or tiwth 
forming) surfaces thus f vconng dahlite dc{K»sition on Mid stirfaics I he 
small amount of phosphat i*<» m s4>nim is prohabh a refft'clion of the 
phosphata c formation in bone llms the wnim phospliat w IpmI h 
high in those conditions where matrix is l>eing lanl down m r\c(*s!i (eg 
dunng growth nekets, O'teomalacii ostciiu fibii>*,a gcncriliMta osiiitis 
deformans, cic) In (he absence of am other < iiise for a higher phos- 
phatase letcl such os luer disease or olntmclne jaundm o high ferum 
pho^phalafr hiel is prolxil hj imhrn/u< oj incrcotrrf oflroUa^Uc actmUj The 
normal ‘cnim pliosplmtasehxcl in adults i«3 > Rod in'k\ units {Rodan.'kj 
(1933)] higher \alues (up to 10 Boduiskx units) are found m ihililren 
Ihere IS one ddficult^ in the phosphatase tlie«ira ju^t disiiiNsc-d namely 
that there is \cia little organic phosplionis m plasma (anti hence pre 
su^uhI^ sev, little III intc r-titi il fluid) forphosphatn.se to at t uiKin (lUt 
m in and Cuitman (1911) h i\c funiislusl the final pie» e of eialcme fur nn 
h\|>olhe'is which max circuiment this difficulti It is an established 
fact tbit rirtilige pripintorv to < lUificntion icciimuLites stttres cf 
gheogen whuli di ippt ir during tl» couiv* of inltium dc|)Osiiion 31in 
siiggoted that plirt'pbone ester* formed during gUengen breakdown 
miglit setae ns substrates for Iwne ph<e<pluitns< Urns the givcogrno 
Ktir t\(le is initiated b> tb< reiction gKcogcii + iiiorgituc plnnphatc 
= g!ucoso-l plurpliate this rriition is < itilvzed b\ tht cnzime phee* 
phoraLLsc (lUtman anti Cmtman wen able to tleiimnstritc the pn-ence 
of pliosp!ior\ljs< m gn wmg t-irtilagi lud nl o m l«m( li sut 1 ut lu t m 
nrticni! ir rirtilagt ‘•mce cnzimes ratiiRze a re-u tmn m either tliret tion 
It Is jvis«ib!c ami tlm |>omt out «aid«*nix tint supports the iw>s«iliilili, 
tliat phtrjihorj hs( ntitl not plunplial i.s< mn U theimiKrtuit thplne 
phorolizing cnziine In pummira tlunfurc, the immediate taii-e of 
calcification ni i\ Ik? h ItHahicx! men vk of plK>sphilc ions this mcn-iso 
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may result from the splitting oH of mo^amc phosphate from organic 
phosphorus compounds by alkaline phosphatase and/or phosphorjh'o 
the substrates for these enzymes to act upon may be built up by the enzyme 
phosphoryhse 

(D) Bodj Fluids ami Sidislanccs Contained TJ crein 

We are really primarily interested with that part of the body fluid which 
IS in contact with bone and with the substances m tliat body fluid which 
would favor or impede the precipitation or solution of dahlitc Howeser 
s nee that particular body fluid is not availal le for chn cal study one has 
to tal G the next best thing — the blood serum Many of the inferences 
to be drawn depend on tl e assumption that any ahnonmlitj in the fl iid 
m intimate contact w ith bono will be reflected in scrum 

(1) State of Calcium in Serum 

The calcium in scrum is composed of three fractions (1) esiemm ions 

(2) calcium bound to protein and (3) no almost negligible diffusible but 

unionized fraction The latter fraction is probably composed of a vanet\ 
of substances such as calcium citrate calcium «a!(s of other organic aci(L» 
and po'^ibly colloidal tertiary calcium pho«pliate McLean and Hastings 
(1034) dcMsed a method of measunng the calcium ion concentration 
in which the isolated heart of the frog was used ns a biological indicator 
Fortunateh howcier it is not necessary to ««e tins highli ingenious 1 ut 
quite difficult technique because knowing the total ‘senira calcium and the 
serum protein one is able to obtain quite accurately the from a 

chart (“00 Fig 3) constructed by Mclcan and Hastings (103 j) 

(2) Relation of Semm Calcium to Scrum Pho^phonis 

Since the inorganic matter of bones and teeth is compo‘?cd of a cry stall nc 
salt which m solution would be decomposed into calcium phosphate 
and carbonate ions since these same three ions arc pre^^ent in the scrum 
and s ncc tl ere is a constant mtcrcliange between the bones and the serum 
one cannot escape the suggestion lliat for any one lo\ cl of carbonate ions 
the levels of calcium and phosphate ions are dependent on some «ohibi! fv 
product The question is what solubility product’ If one calculates 
the (Ca^l* from the total serum calcium and scrum protein v allies (ndc 
supra) and if one assumes tluat all the inoiganic phosphorus in the scrum ii 
actually present m tl c lomzoil form tl cn one e m dclernime whclhor tl e 
ion product's correspond to the solul lity prmluct'' for tertiary cilcnim 

• Tl c C-Tj rcflo on ICn^J stands for calniii joo concoi 1ml on 
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phosphate (Caj(POOi) or for ilalilitc (CaCO, 2Cni(rOj)}) usj of 

the following wjuations rcspcctnelj. 

(a) ICa-*^*)* X - K' 8 p C/ufPOO, 

(b) ICa^]’ X U’0«-I* X ICa-l » K' 8 p CjCOi 2Cn,(I’0.). 

Unfortumtclj both these cikufation<} Iea\e the seruni m^O much Mipcr- 
saturated which is unlikelj. There are two lines of argument which 

Calcium more than 50% wnized/ less than 50% Ionized 



TOTAL PROTEIN • per JOO cc 

PifC T Churl for IXcrmiiiationof Citicium InnCoricriitnitioti fnmiTot il IVotrin 
and Total Calcium t alucs of ^cruin 

iFrom MeTiran and llaslnijn tW'W), with p<m:it««ii>n of tin \mer>c »n Journal of 
Mtdicnl Sciences) 

attempt to circiim%cnt this ihllieiilta which maj Ik of intt rot to the more 
acadcmicallj mindctl rcuhrs 

\lbnght, Bluer, Cotknll, ami r!lswor*li (1931) nii'Ctl the ijuf'tion ns 
to wlu thcr 1 frat tion of tlie«iOH^ll«| morpnnn phosphorus of the scnmi 
wot re\U% \-^ Iwund to protein, this would e\pl im the low bpmnl fluid m 
organic pliospluims. lc\cl toother possibihtj is tint there maj i>c m 
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the serum an oi^anic phosphorus compound which la quttklj hjdroljzed 
after ^cmo^al from the bo<h (cf crcatinc phosphate) IIo\\e\er, if one 
calculates the ‘'olubiJitj protlucts from the calcium and jnoj?:anic pbos 
phorus ^ rlues of spinal fluid, one still comes out with supcrsatiiration 
Logan (19-10) from a long soncs of experiments came to the conclusion 
that the precipitation of dahlitc into bone consists of three steps The 
first of these, as first suggested bj Shear and Kramer (1928) is the pretipi 
tation of setondarj calcium pho-'plute (CaHPO*), the second ^tep is the 
conversion of this mto terturj calcium phosphate (CsiCPOi)-’) the final 
step is the adsorption onto a lattice work of tertiary cakiiim phosphate 
cijstals of calcium carbonate or possibtj of ealcmm hjdroMde or even of 
pnraarv c licium phosphate It turns out (hat the serum is approximatclj 
saturatwl with respect to CallPOi so it may be that its solubihtj proihict 
gov ems the lev cIs of serum Ca and P 
In spite of the fact that the chemists and phjsicists have not come to 
anj final conclusion as to just what equilibmim is m\ olv ed, for the chmenn 
the important inference is that the bod> fluids are cither saturated or at a 
constant degree of supersaturation or undorsaturation in respect to «ome 
salt of calcium and phosphate «o that, in (he aliscncc of an> fluc(untton m 
the pH, a n-c m the calcium ions w ill lead to a fall in the phosphate ions and 
lice tersa As a matter of fact for all prictical purposes the adjustment 
of the total ‘•enim calcium to the serum phosphorus when both are expressed 
m mg per 100 cc is sucli that their product remains approximatclj con 
slant (area 30-40 for adults, 40 35 for groiun^r children) This fart, of 
course, is the Inst*, of the famous law of Howland ami Kramer (1922) that 
nckets w ill be prc‘?cnt m children if the ahov e mentioned product is below 
35 and will heal if it rises above 40 

(E) Body Fluids and Electrolytes tn lielatioH to Bone 
It IS the authors’ opinion (hit the kidncvs under normal conditions kc'cp 
the blood clcctroljtcs at such levels, that the mtei>>tilial fluid is con^tantlj 
underbatumtc'd with respect to dahlite so that normallv there is. a constant 
clt^ohitton of calcium and p}iO>,phofVS from fmac-rc^orhing ‘fiirfnce^ It i-i 
clear that the rite of bone ixr-orption will be mcrea'*cd bj nnv mflucmc 
which decreases in the bodj fliiids. (he calcium ions, the pho>pha(o ions, or 
the carbonate ions and tire tersa Thus an icido'.w will Instm lione re- 
sorption (c/ dccalcifieation with ammonium clilondi therapj) An influ 
cnee which lowers tlie calcium ions hut at the same time rai«es correspond 
High the phosphate ions will not necossanlj hasten bone resorption It 
will depend on which factor is rclatneh the more changes! (cf lack of de 
call if ic ition w ith hvpop inthj roidism) 

Aon when one comes to eomiidcr bone formation the sitiuiiion js veij 
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different. The rate of dahlitc deposition is going to depend on the ac- 
thity of the osteoblasts in lajnng do\rn the organic m-atris (osteoid). 
Once the matrix is laid down dahlitc tv ill be deposited in maximal amounts 
provided that the composition of the body fluids U not too abnomul 
Pathologically (in rickets and osteomalacia) one encounters a situation 
n here the bod\ fluids are eo Ion in pho^plmtc ions or pho‘«phate and calcium 
ions that, m spite of a prc^umnbly normal pho'phatasc-pho-phorylase 
meclianism, precipitation of dahhtc does not occur. Tliis results in wide 
unealeificd ostcoid seams (see Fig. 129, page 2.)G) In other nonls any 
slight change m the ion product prob,ab!y influences bone resorption; 
dahlite deposition, on the other hand, is influenced by tlie ion product only 
when a marked abnorm.'ility m the direction of unsaturation occurs. 

The next question is; what influences osteoblastic actiMty’ Cert.ain 
nutritional and hormonal factors wall be con'.idcrcd elsewhere. Tlierc is 
considerable cvndcnce that mechanical sin^'ca play a large part. If a 
bone is broken and set at a new angle the new bone is laid down in aecorti* 
ance with the new stre&«cs involved. If an extremity Is put into ii cast, thus 
stopping all stresses, the hone lo^ calcium probably due to lick of bone 
formation rather than to increased bone rcaorption (sec p.agc 147). 

In summarj*, then, bone consists of an organic matnx in which is de- 
posited a eakium-phcHphate-carbonate complex, calloil dahlite. Hone has 
bone-resorbmg and bone-forming surfaces The fluid in contact with bone 
IS probably normally mamtainctl by the kidneju at such a composition that 
dahhtc IS constantly being resorbed from bonc-rrsorbing surfaces, the rate 
depending on minor fluctuations m the composition of the bo<ly fluids. 
Bowe dcposvtvow occurs «v rcbpowsc to stros-^es wwd Btrwlus xxlvcccvec Itoiw U 
needed Of course, it will usually be ncc<le<I approximately where it lias 
been resorbed. Hone deposition consists in the la^ ing dowm of llie organic 
matnx nch in pho-phatase and poss-ibly phosphor) la«e by the osteoblasts; 
pliO'phat.a«o and possibly phosphor) lasc by increasing the concentration of 
phosphate ions allow for the deposition of dahhtc locally, nus whole 
mechanism, it will be seen, constantly keeps the stnicture of the skeleton 
as cflicicnt as possible for the need to which it Ls put, i e. suflicicntly strong 
but not needlessly bulky. 

(F) Four Cardinal Metabohe Changes Induced hy Varalhuroid 
Uormaae 

If one removes the paralh)roid glands from n nornuil Jiuman or, wliat 
amounts to llic same thing, if one stops parath)roid extract therapy in a 
h) poparath) roid patient, four cardinal metaliolic clmnges ocnir. 1 here Is 
first an imracdtale decrease in the phosphorus excretion in the urine; 
secondly the scrum phosphorus lev cl ri-es; almost flimulLaneousIy the scrum 
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calcium Ie\cl falls finan\, with the fall of the scrum calcium there is a 
diminished calcium e\crct!on in the unne If one admmistcrs parathjToid 
extract to a normal indmdual or to a hypoparathyroid patient the same 
four metabolic functions are altered m the opposite direction but m the 
same sequence that is one obtains consecutively changes in the direction 
of hyperphosphatuna h^popho^hatcmia h>’pcrcalccmia and hjTpcrcal 
curia 

Fig 4 show show these four variables— serum calcium serum phosphorus 
unnary calcium and urinary phosphorus — fluctuated m a hj^poparith} rord 
patient before during and after parathj roid extract administration [AJ 
bright and Ellsworth (1929)] The patients daj was divided into three 
eight hour periods He received the same diet three times dailj at the 
same relatn e time m each period The unne for each eight hour peno<l w as 
analj zed for calcium and phosphoms Note that the phosphorus excretion 
m the urine became maximal in the first eight hours after hormone ad 
ministration that there was an abrupt fall m serum phosphorus with an 
almost simultaneous rise m scrum calcium that the urinary calcium excrc 
tion did not nso until after the scrum calcium had reached about 8 0 mg 
per 100 cc In Fig 5 are recorded in graphic form the same variables on 
the same patient before and after the administration of a single do«e of 
parathjroid extract In this expenment however the unne collections 
were obtained every hour instead of every eight hours Note that the 
hyperphosphatuna occurred m the first hour oftcr injection of the hormone 
that the unnarj calcium excretion did not inert asc during the duration of 
the experiment 

It is higlily 111 elj that these four cardinal metabolic changes folio Mng 
the administration of parathjToid extract (or the reciprocal changes follow 
ing the ce&sation of treatment or the removal of the parathyroid glands) 
arc mtorrclatcd phenomena One cannot help bclievnng that the serum 
phosphorus falls and ribcs as the scrum calcium n’-cs and fills m orticr to 
keep some solubility product constant 

If one tak(« the scrum calcium and phosphonis valius m Fig 4 and 
analyzes them more c ircfully it will be seen that the quotient of the scrum 
calcium m mg per 100 ce multiplied by the serum phosphorus m mg per 
100 cc m spite of the marked fluctuations m both v alues remained about 
GO (see Fig G V) If one tal es thcbO same figures and assumes that tho 
calcium and phosphorus are entirely in an inorg inic form an 1 then calcu 
lates the [Ca++] the and the [HPOrj one can construct curves (sec 
Fig 6B and GC) for the ion products m respect to Caj(PO«) and CallPOi 
at different levels of scrum [Ca'*^J TIic mean ion product for Caj(rOi)j 
of these figures is C 88 X 10 Tins x aluo agrees fairly w cll wnth tkat of 
G 3 X 10“** which was found by Browman (193 j) for similar calculations 




Fir 4 Effect of ParathjToid Extract on TJnnarj Calcium and Phosphorus Lx 
cretions and Semm Calcium and Phosphorus levels in a Patient with Idiopathic 
If> poparathj-roidism 

For further details see text 50 units of parathormone equal 2o0 units of para 
llnroid extract {From Albnsht and 1 llsnorth (1020)] 


Similar calculations ha\e been made for tbe ion products m respect to 
dahbte and similar objections were encounfcml to an p\en greater dtgree 
Hoi\e\er, the mean ^nIuc of the ion pnxliict in n>pcct to CallPOi uas 
2 01 X 10“‘ This compares rcnsonablj tloMjh intli the solubilitj product 
(2 5X10 *) of this salt for sertun found In I/Ogan (10-10) Fiirtliennorc, 
(sec biR OC) the shape of the am e fits the data much better 

Jt swms quite probable from these and other data that the fluctuations 



TIIF rnySIOLOG'i op TIIF PVn\THiROID CL\NDS 


13 


in serum cakium md pho»phonis in hjpo and h^perpjnithjroidism arc 
RONcmed bj some polubditj product of some caltium and pho'^pltoni'i ‘•alt 
The nc\t question is whether m pantlijrou! dv«cra‘5ias the ‘•crum calcium 
adjusts to the serum phosphorus or whcthei the scrum phosphorus adjusts 
to the serum calcium 



^ ^ 75? 10 flf2l25.4567 

* 75Uni{3 TaToThormcrie Time 


Fig S EfTcct of Parathsroid Extract on Urinary Cnlcium and Phosphorus Ex 
cretions in a Patient with Idiopslliic II}'popnmlhjTtmtism 

See text for details jD itii were olif uiicd from anme patient as those m Fig 4 
experiment differs from that experiment in that collections wore made everj hour 
instead of every eight hours [Prim Mbright and Lllsivorlh 

(G) The Mode of Action of the Paralkyroid Hormone 

Tlicre arc two school*, of thought in rogard to tlic action of parathjroid 
hormone Ont school belicacs timt the hormone acts directlj on bone 
tissue to uau«:o its dja'olution flhom^on and ColJjp (1932), and Ja/fe 
(1933)), and tb it tbc olectrolj tc dmngts are <5ccondarj to tlie bone change^ 
Some members of this school l«*be\ctlmtthisdi-s''olution is mediated b\ the 
osteoclasts Tht other school, to which the autliors are strong adherents, 
bolicics that the hormone acts on the cleitrobtc equihbrit of the bodj 



Fig 6 An Analysis of the Inter relation of the Calcium and the Phosphorus in 
the Serum at Various Levels of Parathyroid losuflicienc} 

In (A) the products of the calcium and phosphorus in mg arc plotted against 
the mean product, in (B) the ion products with respect to Cai{PO»)i are plottetl 
tgatast the mean product, and in (C) the ion products mth respect to CaIfPO« arc 
plotted against the mean product For further discussion, see text The authors 
arc indebted to Dr Hirsh W Sulkowitchfor the preparation of this figure 
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fluids and timt the bone changes, when thej occur, arc seeondarj to the 
chemical clianges The argument will be confined to an elaboration of the 
second theory together with a few of the arguments pro and con 
The authore bchcae the sequeneo of e\ents is somctliing as follows 
the parathyroid hormone in some way affects the phosphate dissolved m 
body fluids in such a way as ia make it more readifv excreted by the kidney 
wath a resulting decrease in the senim pliosphorus level, this tends to make 
the body fluids less saturated m regard to whatever cquihbnum constant 
govtms the serum calcium and phosphorus values (tide supra), resorption 
of the calcium phosphate salt from the bone resorbing surfaces is thereby 
increased there results an elevated senim calcium level together mth the 
depres'sed serum phosphorus level Once this new state of cqudibnum has 
been reached there would be no further changes if it were not for the fact 
that the higher scrum calcium level leads to an increased calcium evcretion 
m the urme this loss of calcium in the urine is a factor tending to cause 
undersaturation of the body fluids again so that unless there is a supply of 
calcuun from the gastromtestioal tract the bone* will liave to supply the 
deficit, there will result, therefore a decrease m the total amount of bone 
tissue and the bones will become weak As the bones become weak they 
will be more subject to stresses and strains, this will stimulate the ostco 
blasts to lav down more osteoid tissue the osteoid tissue laid down will be 
calcified since the local calcifying factor (pho'phataso phosphory la«o 
meclianism) will more than offset the decreased saturation The dram of 
calcium and phosphorus into osteoid tissue will further tend to under 
saturate the bloo<l and hence further mercare the bone resorption Tlie 
result of course, IS a vicious cy clc osvonRccklinghauscn (1891) originally 
pointed out, from his studies on histological changes alone, there is a 
markwl turn ov er of bone in this disease 
In considering the effect of metabolic disorders «uch as hyper and hy po 
paratlivroidism on bone tissue one must be careful to differentiate the effect 
on calcium resorption from that on calcium deposition It is perfectly 
possible that a single disonlcr will at the same time increase calcium re- 
scicptiQa and facilitate calcium, deposition. 

In the cla'isicil experiments of Shipley, Kramer, and Howland (192(>), 
it n as show n that a calcificfl rachitic cartilage placed ih nlro m serum from 
normal animal* took up bone saltb but not when placed m semm from rv 
chitic animals Mcl^ean Lipton Bloom and Barron (19 tfi) show lol that 
rachitic cartilage, when piaceil in scrum from nn animal made hyperpara 
thvroid from hormone injections, look up bone salts more readily than 
when placcil m scrum from a normal animal 1 rom this observation one 
might argue, ns did Mcl.ican, th it the p inthy roid hormone lead* to super 
saturation of the bloot) with to aJovm pho«pJutc This w at 
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variance with the thesis here propojndcd that the first action of the para 
thjToid hormone is to lead to increased phosphate excretion m the unne, 
w hich v\ ould be a step in the direction of undersaturation Furthermore, 
the conclusion of Dr McLean is at variance with the clinical fact that 
h> perparath> roidism tends to cause bone resorption We wall attempt to 
present a scheme which bnngs these two points into Iiarmonv 
As discussed abov e we believe that the kidnejs m their role of controllers 
of homeostasis keep the calcium and phospliate levels in the bodj fluids 
at such heights that calcium phosphate will be eonstantlj resorbed at bone- 
resorbing surfaces This constant bone resorption leads to a weakened 
skeleton which is more susceptible to stresses and strains This, m turn, 
leads to the osteoblasts laying dow n matnx at the w eakened spots "Where 
the osteoblasts la} down matnx there is a local calcifjang factor which 
allows secondarj calcium phosphate to be deposited there while dahhte is 
being resorbed on other bony surfaces 
Isow for some simple arithmetic! Let us assume that the serum calcium 
m milligrams is proportional to the concentration of calcium ions and that 
the inoi^anic phosphorus in milligrams is proportional to the concentration 
of secondary phosphate ions The quotients of the calcium m milligrams 
times the inorganic phosphorus in milligrams would then be an index to the 
degree of saturation of the body fluids with respect to secondary calcium 
phospliate Let us make two further assumptions (1) that a calcium 
times phosphonis product of CO is neccs'ar} for precipitation of eeconclarj 
calcium phosphate and (2) that the local calcif>aDg factor boosts the level 
of inorgamc phosphorus locall} 3 milligrams These actual figure* have 
no meaning but wall serv e to bnng out the point e then hav e the follow- 

ing equations 

Cal utn Pluipiarut Preiuti tnlerprelal on 

\ 10 X i =40 (normal serum) 

B 10 X (4 + 3) = 70 (normal scrum plus boost from local calcifjing 

factor) 

C 20 X 2 = 40 (hvperparathjToid scrum) 

D 20 X (2 + 3) = 100 (h>perparatIrtroid serum plus boost from local 

calcifving factor) 

E 2 X 20 = 40 (h>poparathyroid serum) 

F 2 X (20 + 3) = 46 (bjpoparathvroid serum plus boost from local 

ralcifv mg factor) 

E 8 X 1 =8 (rachitic or osteomalacic serum) 

11 S X (1 + 3) = 32 (rachitic or osteomalacic serum plus boost from 

local c^cifymg factor) 
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It mil l>e noted that, although Dormai serum, hvperparathj roid semm, 
and hypoparathjToid eentm arc equally saturated ^sitb respect to ssecondarj 
calcium phosphate (equations A, C, and E), the local calcifjing factor 13 
much more effecti\emthhjTx;rparath3Toid serum thanmth normal serum, 
and much less effectn ewithhj poparath>TO!d scrum than with normal scrum 
(see equations B, D, and F) In the above arithmetic ne have assumed 
that the low serum phosphorus of the hvperparathj roid state is completeli 
compensated for by the high serum calcium, this is not true m all proba 
bilitj For an inorganic phosphorus lev el of 2, one might take as a calcium 
figure 18 The products would then be 3G for the serum and 90 for the serum 
plus the boost from the local calcifjmg factor, the corresponding figures for 
normal serum are *10 and 70, respeeiivelj Thus, the hj-pcrparatlivToid pa 
tient, as compared with the normal indivadu-d, would tend to pull calcium 
faster from bone resorbmg surfaces and deposit it more rapidlj mbone form 
ing surfaces or m a calcified rachitic cartilage (cf eapenment of McLean) 
This agrees with the clinical fact that one can have m grow mg childrengener 
ahzed decalcification with hyperparathyroidism but normal deposition of cal 
cium in the growing cpiphj «cal cartilage It vnll be further noted that the 
local calcifjang factor is rein tn el) ine/fectn c for the high «erum pbosphonts 
and low serum calcium levels of bviJoparathiTOidiem This probiblj 
evplains the o-calcification obtained bj Erdlieim (1911) m the incisor tectli 
of rats deprived of their parathvroid glands (Fig 15, p 32) Finally it 
will be noted (see equation H) that in nekets or osteomalacia, m spite of a 
good boost from the local calcifjang factor, the ion product to begin with 
IS so small that precipitation of calcium is impossible 
So much for our conception of the mode of action of the parathyroid 
hormone, now for some of the arguments pro and con 

It will be noted, if our bjiiothcsis is correct, that as a result of para 
thjToid extract the calcium rises because the phosphorus falls, not nre 
tersa Begvrdless of anj expcnraenfal evidence (ttrfe tn/ra) this is the 
more logical of the two posibihtic« The tondenev with parathvToid e\ 
tract IS to pull calcium from the bone If the first effect of the hormone 
were an increase in *crum calcium this would be a change m the direction 
of supcryifurafion which vvouhf immcd’iatcfj fentf to stop hone resorption 
and the whole process would stop However, if the first stop is to lower tho 
scrum phosphorus level, a change m the direction of undersaturation results, 
which would increase the pull of calcium and pho'sphorus into the bo<K 
fluids either from the bone or from the gastrointestinal tract Similarlj, 
it will be noted that as a result of removing the parathjTOid glands from an 
individual the calcium falls because the phosphorus n«cs, not ncc tersa 
This means that the fondenej is to supersaturation This, in turn, could 
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vanance uith the thesis here propoandetl that the first of the para 
thjTOid hormone is to lead to increased pho'sphate evcretion m the unne, 
which would be a step m the direction of undersaturation rurtherraore, 
the conclusion of Dr 'McLean is at vanance inth the clinical fact that 
h>'pcrparath>Toidism tends to cau*® bone resorption 'We attempt to 
present a scheme which brings these two points into harmonj 
its discussed abov e we belie' ©that the kidnejs in their role of controllers 
of homeostasis keep the calcium and phosphate le' eU in the bod} fluids 
at such heights that calcium phosphate will be constantlj rcsorbed at botie- 
resorbing surfaces This constant bone resorption leads to a weakened 
skeleton which is more susceptible to slressts and strams This m turn, 
leads to the osteoblasts lajnng down matnx at the w eakened spots IMiere 
the osteoblasts la> down matn\ there is a local calcifvung factor which 
allows secondarj calcium phosphate to be deposited there "hiJe datilite is 
being resorbed on other bony surfaces 
>»ow for some simple anthmeticl Let us assume that the «erum calcium 
m milligrams is proportional to the concentration of calcium ions, and tliat 
the inorganic phosphorus m milligrams is proportional to the concentration 
of secondai} phosphate ions The quotients of the calcium m milligrams 
times the morgauc phosphorus in milligrams would then be an index to the 
degree of saturation of the bod\ fluids with respect to egcondarj calcium 
phosphate Let us make two further assumptions (1) that a calcium 
times phosphorus product of CO is nece^sa^J for precipitation of «econdary 
calcium phosphate and (2) that the local calcifj mg factor boosts the lei el 
of inorganic phosphorus locally 3 milligrams These actual figures hav e 
no meaning but w ill sen e to bring out Ibe point 'Vi e then bav e tbeiollow 
jng equations 

CoU urn RiMploTM ProiiKt InlerjirttatioH 

A 10 X 4 =40 (normal eerum) 

D 10 X (4 + 3) = 70 (normal scrum plus boost from local calcifjing 

factor) 

C 20 X 2 = 40 (hj-pcrparathjToid scrum) 

D 20 X (2 + = too (.hyyerparathrroid scrum, plus boost from local 

calcif\ing factor) 

E 2 X 20 = 40 (b>poparath}roid serum) 

F 2 X (20 + 3) = 46 (hj-poparathvToid scrum plus boost from local 

calcifvmK factor) 

Q S X 1 =8 (rachitic or osteomalacic serum) 

H 8 X (1 + 3) = 32 (rachitic or osteomalacic serum plus boost from 

local eaIcif>iDS factor) 
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It Anil be noted that, although normal serum, hjiDerparath} roid serum, 
and hj poparathyroid serum arc equallj 6aturite<!withrcspecttosecondarj 
calcium pho'sphate (equations A, C, and E), the local calcifying factor is 
much more effectiveAnthhjTierparathjTotd serum than AATth normal serum, 
and much less cffectu e n ithhj popar ith> roid scrum than n ith normal serum 
(see equations B, D, and F) In the above arithmetic A\e ha\e assumed 
that the 1oa\ serum phosphorus of the h>'perparathj roid state is completely 
compensated for by the high aerum calcium, this is not true in all proba 
biiit> For an moi^anic phosphorus Ie\el of 2, one might take as a calcium 
figure 18 The products would then be 30 for the serum and 90 for the scrum 
plus the boost from the local calcifying factor, the corresponding figures for 
normal senira are dO and 70, respective^ Thus, the lij'perparathj roid pa 
tient, as compared Anth the normal indiAidual, Avould tend to pull calcium 
faster from bone resorbing surfaces and deposit it more rapidlj'mbone form 
ing surfaces or in c calcified rachitic cartilage (cf evpenment of McLean) 
This agrees Asath the clinical fact that one can have ingroAMngchildrengener 
ah*ed decalcifieation VAith hj pcrparathyroi<hsm but normal deposition of cal 
cjum in the grmvang epiphyseal cartilage It utIJ bo fiirtber noted that the 
local calcifjang factor is relativ ely ineffective for the high scrum phosphorus 
and loAA serum calcium levels of hypoparathyroidiam This probably 
explains the a calcification olitamcd by Erdheim (191]) in the mci«or teetli 
of rats depriAed of their parathyroid glands (Fig 15, p 32) Finally it 
AAilI be noted (sec equation H) that in nekets or osteomalacia, m spite of a 
good boost from the local calcifying factor, the ion product to begin vvath 
IS so small that precipitation of calcium is impossible 
So much for our conception of the mode of action of the parathyroid 
hormone , now for some of the arguments pro and con 

It will he noted, if our hyqiothcsis is convet, that ns a result of para 
thyroid extract the calcium nsos because the phosphorus falls, not tier 
tvrsa negivrdless of any experimental evidence (tide tn/ra) this is the 
more logical of the two possibilities The tendency with parathyToid ox 
tract IS to pull calcium from the bone If the first effect of the hormone 
were an increase in serum calcium this would bo a change in the direction 
of gupersaturation which woufef immcihatcfy tenef fo stop hone re«orpfron 
and the A\hole process vAoiild stop llowcvcr, if the first step is to lower the 
serum phosphorus lev cl, a change m the direction of imdcr&iturution rc«ull'», 
winch would increase the pull of calaum and phosphorus into the bodv 
fluids cither from the bone or from the gastrointestinal tract Similarly, 
it w ill be notetl that as a result of remov ing the parathyToid glands from an 
individual the calcium falls liecause the phosphorus ri«cs, not ncc icrsa 
Tins means that the tendency is to supcreaturation This m turn, could 
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explain the tendencj in hypoparathyroKli«m for bone to be den«c and for 
calcium to be deposited in abnormal locations (nde tnfra) 

The fact that the first sequela of parathiioid cKtract administration is 
an mcrease of the phosphorus excretion in the unne («w Fig 4 and 5) is 
strong endencc m fa^ or of the abo\e h\pothesi« Furthermore, nhen one 
administers parathjTOid e\fract to normal inchvnduala one aho obtains an 
initial washing out of phosphorus from the bodj fluids (see Fig 7) Xofe 
in Fig 7 the marked n-e in serum calcium and m the iinnarj calcium excre- 
tion and the lack of an\ marked effect on the fecal calcium excretion follon 
mg administration of the hormone, ‘second! j .note the marked n«e in unnatj 
phosphorus excretion and the fall in the serum pho phorus lei el But the 
important question to determine from the data presented in Fjg 7 is 
whether the effect on calcium metabolism is greater and more prompt t ha n 
on phosphorus metabolism or whether the con\er<e is true ^^Ith the 
actural phosphorus balance (i e intake minus output in unne and feces), 
penod bj penod is plotted the “theoretical phosphorus balance" Since 
this latter term is discu‘5sed extensiccli in the appendix, page 303 it will be 
mentioned here onlj bneflj The pho*phorus in the bod) can be dinded 
mto three parts that deposited with calcium m the bones (Ca P ratio = 
2 23), that built into protopla«m (N P ratio = 14 7), and all the remauung 
pho«phorus w hich is mostl) m the form of phosphates di<soK cd in the bodi 
fluids Bj "theoretical phosphorus balance" is meant that part of the 
pho>phonis balance that con be explained b) the calcium babnee and the 
nitrogen balance Therefore, if the actual pbo'phonis balance w ere greater 
than the theoretical phosphorus balance the inference would bo that phos 
phate m bod\ fluids was being increased It has been clearh demonstrated 
m Fig 7 and b> other data [\Ibnght, Bauer, Hopes, and kub (1929)J that 
dunng the first few daj-s after on-^ct of parathjToid extract adnuniatration 
to normal indiinduals the actual phosphorus balance is lesa than the theo- 
retical balance and that the opposite is true for the fir*t few daxi> after 
cessation of parathiyoid extract nd minL-v tration Tho«e who behei-e para 
thjToid extract acts directlj on bone tissue might argue tliat dahlite la 
dissohed from bone by the honnone but that the phophate b> excreted 
more readil) than, the calcvum. Agam.«t this argument is the fact that when 
dihlite 13 dis'^h ed as the result of nadosis, as with ammonium chlomie 
administration, the calcium and phosphorus excretions arc simultaneous 
(Albnght, Bauer, Ropes, and \ub {1929)J 
Whereas the theorj which hold» that the parathyrou! hormone acts 
direct!) on bone tissue might po^sibl) expbin the high serum calcium mth 
h)'perparath)Toidism and the low scrum calcium with hypopar3th\T0idi«ni 
how 13 It to explam the low serum pho^ihorus with Jn'perparathxToidism 
and the high •^rura phosphorus with hvpoparathiTOidism^ 
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lig 7 Data Slioning EITeci on Calcium snd Phoaphorua Metabolism of Para 
tbjroid Hormone /idmmtstercd to a Normal Individual 

^<otc that the theoretical plioapliorua balance la Icaa than the measured phoa 
phorus balance when parathyroid hormone (2S0 to 500 unita per day) is first ad 
ministered, and that the theoretical phoaphoraa balance rises aboac the measured 
pliosphorus balance after ccssatioo of the homonc ndininistration For methods 
of charting this and all subsequent mctabolie data >n this book, see Appendix, 
page 300 Utccliarted from Albright, Bauer Ropes, and Aub (1020), see also Itcifcn 
stem, Albnghl,and^\ ells (1915)1 

Tficrc 13 a group of obsen ations winch emplmsizcs the importance of the 
clianges m the pliosphorus metabolism Ilarnson and Ilamson (1911), 
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ttorkjnR on dogs were able (o show tint piratlij rou( hormone enures a dc 
creased reabsorplion of phosphorus in the kidnov tubules Tepperman 
L’llourcin and W ilhelmi (1947) tIe%cloped a lest for p inthsToid liormoiie 
which depends xjpon lowering of thesentm phosphorus le% el in rats Brown 
and Imnc (1932) showed tint pirith> roid hormone increx-cd tlu nffinilv 
of creatine for pho«phonr acid in deccrpbrite cats 

To the abo\e arguments can lie added n few den\«l from the clinic If 
tilt first sequela to the admin stration of parathvroid hormone h a plios 
phate diuresis one should be able to force food phosphate to such a degree 
that this property is offset ‘niis in turn should prp\cnt the fowenng of 
the scrum phosphorus le\ cl and interfere with the other sequelae Wlh this 
m mind ^Vlhnght, Bauer, Cbflin and Cocknll (1932) wcrcahit tonise the 
serum phosphorus Ie\el wath a high phosphate intake in patients with 
hj perparatln roidism and m sodoing to rwhice both the high senim calcium 
lo\ cl and the high unnan calcium excretion to normal (sec Fig 8) 

In patients with renal insufficiencv and resulting pllo^phatc retention it 
is impossible to raise the serum calcium \%ith parath\roid extract (unpuli- 
Itshctl data) Tins is consistent with the hxpothrsis that the initial action 
of the hormone is to increase the cxeretion of phosphates and once tliw his 
been interfered with no other sequelae can occur 
Man) patients with st\ cro and long standing hxTxirp iralh\ roidism ne\ cr 
do (lex clop anj bone disease (see page 07) This suggests that the bone 
disease when prcsjnt la a sot ondar) comphcatiim nottliepnman di.<ordef 
I mall), the fact that tlie numlicr of o leocJasts sscen in experimental 
h)*pcrpantli) roidism depends on the duntion of the In perparitin roidi m 
IS exidcncc against the conjecture that the o-teorlasts h) their own ntal 
actnit) are the cause of bonedestniction m this condition If such were 
thocaso oncshouldfmdjustasman) o>tl*orJastsrarh in theronditionwlicn 
the scmmtalcium and the unnan calcium excretion are maximal as late m 
the disease 

There are a few obscnations on the othtr hand which are more casih 
explained on the as-Mimption that the hormone docs act tliret tlj on Inmcs 
nisworth and Futcher (1£>3»), m nephrrttomircd dogs Hcn> aUc to 
demonstrate a n^e in pcnim calcium following panthxroul hormone ad 
mmistntion Moreoxer, Colhp Piigslcx *5el)c, and ’lliomson (1931) an! 
Mclunkin Tweedx, and Mc'Namara (1037) were able to produce l»one 
changes in nephrcctomizcd animals with piritli)roid hormone ilowrxi r 
Collip ft al did not publish results with nephreilomiretl controls anil the 
po'sibilitx existetl that mphrectomx alom xxilli its concomitant aeulosi* 
might lead to iKine re>^ri)tion, Afclunkin rt al did piilli h n-siiltM rn 
ncphrectomizo<l controls hut their control anim ds wore consilcralh 
hraxicr and pri'sumabl) more mature tlun the cxpcnmcntal animali 
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Therefore, one of the authors and his associates [Ingalls, Donaldson, and 
Albnght (1043)] repeated and extended these observations and demon 
Btrated that parathyroid hormone does liaac a direct deealcifjnng effect on 
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Ft?; 8 rffect ot I’lioapUatc lafjuituia qo. Dwonfewl UataeosUAts la llviwrsiica 
thj roidistn 

^\lth the onset of hiRU phosphate intaLi: in |)cnotl 3 note (a) etrongl} positive 
phosphorus haHnce (h) rise of serum phosphorus level to normal (c) fall in serum 
calcium level, and (d) fall iii urmar> calcium cTcrotinn llteilrawn from MIimrIiI 
Bauer Claflin, and CocKrill (1002)1 (Patient \ B MO II 307021) 

bones et en in the absence of tin. kidnevB, and that this effect is independent 
of the acidosis prodiiectl bj neplirectomj anti of tlie iicido^is produced ii) 
the aeiditj of tlio parathjToid hormone extract 
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^econdJv, patients \Mt?i hjTwipanithjTOHli'sm and bone di'pa'so stiorll} 
followiBR tlie rcmo\aI of panlhjroid tumor, rcgiilnrlj <!lio\\ a fill m liolh 
the pcnim cilciiim and •^erum phosphorus Je\els while the bone ti's'ue b\ 
biopsi allows a complete thsippeirance of all osteoclasts (see Fig 51, page 



Tig 0 Diagrammatic Ileprcsontation of Calcium Metabolism in IIjiMipirtth^ 
roidLsm to be Contrasted to That in a Normal In lividual (Fir 2) in IThit in II%i)er 
parith} roidism (Figs 10 and II) 

Note decrease in the number of calcium tons m 1 od\ fluuU (10 ) increase id num 
lier of phosphate ions in l>od> Quids {II ) absence of calcium excretion in the unne 
(20 } decrease in hone resorption ($•} irith a decrease in Mleocltetic aelmti (^} 
resulting increase id bone mass (4») and rorapensator} decrease in lione formati n 
with decreased osteal lastic activity (7*) Note also decreased deposition of cal 
emm into teeth (23s) with resulting a calcification of teeth (22i) IFrom VIbnght 
(ltM7a)I 

IIO) This failure of the *enim phosphorus to n>«e la hard to evplairi but tlie 
authors are inchned to believe that for vome rea'ion or other the cerum 
pha'iphonis le\el luider these circumstance^ is not a true rcflettion of the 
interstitial fluid pho phorus le\el Id these ca'^i na shown 1 elow (Fig 
50 page 108) the decrease m thephosphom‘*c\crction in the unno !•< out of 
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proportion to the decroise in calcium excretion m spite of the failure of the 
senim phosphorus to rise it is thus clear tint pho->phoms is being retained 
somcuhcrc rurthermorc, m patients with h\ perparathj roidism hut no 
bone di&casc the serum phosphorus level does nse promptly on remo\ nl of 
the parathj roid tumor 

Thirdlj , the fact that one has osteitis fibrosa in renal osteitis fibrosa (see 
page 115) together wnth hj perphsia of the pirathj roid glands at least sug 
gests that the bone lesions arc due to the parathj roid hormone, there are 
other possibihtics 

Fourthlj , m unpublished expenmrnts in which the lij’perphospluatemia of 
hypoparatlij roidism was eliminated by ingestion of aluminum hjdrovide 
w Inch prev ents the absorption of phosphates, the nse in serum calcium w as 
not as marked as the authors would have liked 

One of the authors (F A ) has attemple<l to reconcile the two schools of 
thought wsth the suggestion Uut parathyroid hormone maj act pnraimlj 
on phosphorus metabolism m some waj whicli not only increases the cvcrc 
tion of phosphonis m the unne but also protUices certain bone changes 
directlj It 13 amusing tliat just as the authors ha^o had to admit that 
there may be a direct action on bone tissue (tide supra) tlie chief proponent 
of the other school Dr J B Colhp (Neufcld and Collip (1942)) has swung 
around somewhat to the autliors original point of view The authors still 
feel that the mam action of the parathyroid hormone is ou the phosphorus 
and calcium metabolism 

II rvTiioLooic rmsioLoor 

Fig 2, 9, and 10 serve as sort of animated cartoons of wliat is taking phee 
in adult bone in isoparathjroidism, hjiioparatlij roidi-sm and lij'perpara 
thyroidism with bone di&ease rcspcctivelj It should bo notetl that hjpo 
paratbj roidism is associated with a Icndcncj to supcrsaturation of the 
blood (i c strum phosphorus lev cl ir^es first and scnim calcium Ica el falK 
tccondanlj) One would expect, therefore a decreased bone rtsorption 
Ibis m turn w ould make the bones less subject to stresses and strains so that 
bone deposition would also be decreased Tlius in hjTioparathjTOuIisai 
one would expect onU a slight increase m the ilcnsitj of tlic bone, this is 
tnie 

Since, according to our thesis pamthj roid hormone docs not act directlj 
on bone tissue but rather creates a disturbance m liomcoitasis which leads 
to an increased loss of calcium and phosphorus in (he urine, one would 
anticipate that co^cs of hjpcrpamthjroidian would occur in which the 
indmduals because of a high calcium and phosphorus intake w ould ha\ e no 
bone disease Such is the case In Fig 11 this situation is diagrammati 
callj sliown 
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THF PAn.\TItYnOID GLAKOS AND METABOLIC BONE DISE.\SF 


III CHEMISTRY VVD ASSAY OF PAILATHTROID nORMONE 
The actn e pnncjple of the parafhj raid gland « as first extracf cd b\ Ifan 
son (1023) and later bj Collip (lS2o) The 1 itter used acid extraction and 



Fig 10 Diagrninmatie Representation of Calcium Metabolism in llvpcrpara 
tl jToidism ith Bone Dwase to be Compaml with Calcium Mctnboli«m in tie 
IsoparathjToid State (Fig 2) 

Note decrease in bone mass (-ti) iiicrcasc in number of calcium ions m 1 (><l> Oui Is 
(lOi) decrease ID number of phospi ate 1003 in t odi fluids (Il») increaocil fiJcium 
resorption from bone rworhing surfaces (8,), increased number of osteoclasts (^i), 
increase in bone formation with large num) cr of osteol lasts (7|), abilitv of calcium 
to be deposited in the ne«1\ forme 1 osteoid ii«8Uc as shown b% arrow 5| an 1 normal 
width to osteoid seams (Dj) tendency to kidno stone formation (2t|), and aliscnco 
of dccaleiflcation m teeth although atiindintiual tooth mar fall out beeiuseof fault/ 
bone (2o ) (From Mbnght (13l7s)l 

i<5oelectnc precipitation Tlic dned product prcparwl h\ Collip s method 
contains about 13 5 per cent nitrogen and traces of iron and sulphur It is 
an amorphus powder, each unit neighing 0^ mg It is soluble in water and 
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m 80% alcohol but insoluble m ether, acetone, and pjTKhnc It es most 
of the common color reactions for protein, its potency is de&troj cd b\ heat 
mg for an hour with 10 per cent hjdroclilonc acid or 5 per cent sodium 



Fig 11 Diagrammitie Rcprescnlntion of Calcium Metabolism iii Il^'porpara 
thjTOidism Ititliout Bone Disease to be CompariMl viith Calcium Metabolism in 
Normal State (Iig 2) and That in II>pcrp‘iratli}rou1iam Uith Bone Diacaac (Fig 
10 ) 

Note lint condition coincilcs with b\pcrpa^ath^^oldlsm with bone disease in 
having an increased numl cr of calcium ions m bodj fluids (lOi) a decrease in plios 
phato ions (1I>) an increase of calcium excretion in the urine <20i) and a ktdnev 
atone note, hoirevor, that there is nodiRiinution in bone mass no increase in 

bone destruction or m tone formation and that increased calcium caerction in the 
urine is entirely supplic 1 bj increased calcium intake and absorption (11> and 15]) 
(From Afbright (l3{Ta}l 

hjdro\idp, imd Jn incubation with pepsin or Irjpsm Ifhomson and Colhp 
(1932)1 

There arc three potent prepamtiona on the market Paratlia roid Evtmet 
—Lilly, Parathyroid Hormone — Squibb, and Piroidm — Parke Da\ns, and 




2G THE TARATinROID GUANDS AND ilETVCOUC B0NED1SE.\SE 

Company /U1 are for subcutaneoiis or intramuscular use The Lillj unit 
13 defined as 1/lOOth the amount of extract required to c wyj an increase of 
1 mg of calcium per 100 cc of blood serum of a dog ^scighing 20 kilograms 
the increase being determmed after subcutaneous administration to dogs of 
sufficient quantities of solution to cause an ax erage mcrcase in blood «erum 
calcium of from 4 to G mg uathin sixteen hours Tlie Squibb and Parke 
Davas and Co units arc x erj similar It should be noted that the term, 
Parathormone — Lilly", is no longer used One hundred umts of Parathj 
roid Extract — L1II3 are the equivalent, howexcr, of 20 units of the old 
“Parathormone" 

Parathyroid Solution (fi'xfracO U S P , is the official preparation ax ailable 
It is standardized bj biologic assaj so that 1 cc exerts the •specific aclival> 
of SO to 120 units Each unit is I /100th of the amount required to raise the 
calcium lex cl of 100 cc of the blood •serum of normal hcalthj male dogs 
v\ cighmg 10 to 12 kg 1 mg uithm 10 to 18 hours after subcut vneous in 
jcction ParathjTOid extract is actixeaftcmn milial injcttion, but becomes 
less effectixe foUomng repeated injections ‘antihormone’ formation) 
Tho extract is mactu c bj mouth 



CHiVmni 2 

CLINICAL HYPOPARATIIYUOIDIS’VI 

I iirpoPinATHYnoiDisM 

(A) Ehology 

Tlic accidental remo\al of or damage to the parathyroid glands in the 
course of a thyroid operation is of course the commonest cause for hypo 
parathyroidism Not infrequently the malady w hen thus produced is tnn 
sicnt the damagctl glands apparently regeneiating after sever \1 months 
Very rarelv hy^ioparathyroidisin occurs idiopathically (Drake \lbnght 
Bauer and CastJeman (1939)] Just why all four glands slioultl cca-'O to 
function IS of considerable academic interest In an autop<5\ on one such 
case all four glands were found to be piesent and grossly to have a normal 
appearance Ilonevcr lustologicalficctjonsshonwl that theepitheha! cells 
had been entirely replaced by thefatcells An intermediary stagcin which 
the epithelial cells were much diminished ami replaced by fat has lieen 
described m a patient sulTcring from antenor pituitary mstifTicicncy [C istle 
man and Hertz (1939)] In panliypopituitansm however one does not 
find evidence of hv poparathj roidism and the authors do not believe that 
idiopathic hv poparathy roidism is due to lack of some tropic hormone from 
the antenor pituitary 

Sutphm Albnght, and hIcCunc (1943) reported five eases of uhopatbic 
hypoparathyroidism associvted with moniliasis Throe of the five cases 
occurred in siblings Talbot Duller and MacLaehlan (1913) had pre- 
vaously published tw o cases of moniliasis associated with Addison s dise iso 
in one of whom hypoparathyroidism was cocxi-itent Vhether this ex 
tnoi:dinary association of hypoparathyroidism with moniliasis was co 
incident il or was due to a predisposition of a patient with moniliasis to 
hypoparathyroidism or iice tersa Sutphm el al were unable to decide 
However the time relationships in the case histones suggcstcxl that the 
moniliasis preceded the hyTioparathy roidism 

There is considerable cv idencc that the paratliyroid glamls may bo func 
tionally deficient m infants shortly after birtli and that convailMons in such 
infants mij be a manifestation of a hypoparatlnroidiiin [Bak win (1939)] 
Of considerable academic interest is a ca*® recently reported in w Inch hyTio 
parathyTOidism developed m a child bom of a hypcrparatliyroul mother 
irndcr»iohson (1939)) flic inference of course was that the infants 
parithynnds became compcnsatonly atropluwl in intrautennc life 

There seems to be a definite tendency for idiopithic hvpoparathy roidism 
to bo associated with Addison's Disease This subject was rcccntlv_n* 
27 



28 


THE PAR^THlROrD AND MFTAnOUC RONF DJ&FA<5r 


Mcwcd by Uonard (194G) who prescntwl t!ie clinical ln«torj and mitops> 
F-nding*? on one c i-^c There wa-, no doubt about the hj poparath^ToKll^m 
from the clinical findings and no pdmtli> roid ti'^'-nie w as found at autopv\ 
the adrenal cortices at autopsy Fhoued complete desiniction with nplacts 
ment bj tonnectne tishueand with round eelj infiltration This adrenal 
patliologj is often incorrcctlj spoken of as "adren il atropln ” 

(B) SymptomatoloQy 

The most striking clinical feature of hjpoparatlijroidism is the mcrcasi 
in neuromusciilarevcitabihtx dependent on the htpocalccnira and produc 
ing the symptom complex known n« tetan> The fir.t jiml most constant 
feature of this complex la numbness of the extremities Otlur ssmptoms 
more or less in order of appearance as the degree of liNpoparatlnToidimi 
becomes more scxcre are cramps of the extremities, carpopwlal spism 
latx ngeal stridor, and gcncrahzwl coni uh ona Tetanv is wldom fatal hut, 
when it IS, the caU'«c is ustialh asph>\ia due to 1 iiynge il spa-m One pj. 
tient with laongcil stndor was admitted to the ^Ia^sachusett« General 
Hospital under the fuultj diagnosis of bronehnl n«thma for which «he had 
liccn treatwl for some time ‘ rpilcpsj''ma> lie tht onU sa-mptnm Tlic 
authors ha\e seen one case which Iwd fiad “epilepsy” for soitml jasant 
l>efore the diagnosis was made If iinirntcsl for i long |wni)d of lime, 
mental retardation Visually ensues 

Cataracts arc a \crj common complicition of liv popnmthv roidhm 
Tlioj are apparentlj due to the hipooilcemn and tot in\ rither than to the 
/ij'popnrat/ijfoich-m perre ficcsif'c t/icj are met m other mndilioni uith 
hjT>ocaIccmia and tetany, notablj «pnie 

Sj mmctncal, bilateral, punctate < aleifications of the ba-Nil g ingli i of the 
brain ti'sue which giie a cliaracicnstie picture bj x mi (see I ig 12), arc 
not uncommon (Haton and flumes (1939), Siglin fiiton, Camp, and 
Ilames (1917)| The authors consider this a^ one more piece of evidence 
that the changes in lijTioparalh^TOidi-m are m the direction of supersalura 
tion of bod\ fluids with calcium phofpliale (ride #iipro) 

Increased introcrvnnl pressure with bilitcml choked dtscs is another 
biiarre finding and, when assotialetl with epdepss , often leads to (ho nttv 
t'lkcn dmgnoMS of hmin tumor IBirr, MacBnde, and ’sindira (IfUS)) 

Multiple ectodermal legions are not infrequentl> m« I ns in the nis'-s re 
porto<I b> limerson, \\al-h, anil llowanl (1911), and I-eamcrand Ifniwn 
(1013) Tlie patient prescntetl In Tmerson ft al luul a drv, cairse and 
ecnlj skin, the hair was ihm and pitchv on the he-id and als>e/it in the 
axilla and pubit rtipons, the evelashes and e>ebrows were stantv The 
finger and toe muU were hkcwi'mairopliieil and wunewlmt MigRc-ine of the 
appearance presented bj phjlosM or momlusi-i of the n uls 
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Calcifirnlion of n-isalGangliaof DraininlIypoparalh>roidism (I’alient W C MGII 1-1727) 
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view these dental changes arc mtst interesting since the first obscr\ afion 
to connect the parathyroid glands mth calcium metabolism was that of 
Erdheim (1911) in ^ lenna nhon he demonstrated a calcification of tl c den 



I ig 14 \ ray Tilm (B) of Teeth of Pal cut M G H S5G3 with Id opatl c Hipo 
paratl jto d am Compared with Filin (\) of Teetl of Normal Subjeet 

Pat ent wa^f ret scon at tl c age of IS jr \ itl a history of 4>earsdurat on Nole 
blunted ends of teeth m (B) eompare > ill F g 13 

tine of rats teeth following parathj roidcctomj riicsc ob':er\ations of 
Erdheim i\cro evtcndcil in 1929 b> Erdheim and Albright (unpublished 
data) \\1 cn they showed that the a cniufication ceased when the parathy 
roidcctomized rat rcccn ed parathy roid hormone (mjc Eig 1 >) 
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THE PAIl.\TMTnoiD GL-WDa AND MCT^UOUC HONE DISEVSF 


\Mion hJ•popa^ath^^oIdlsm dc^elops before the teeth h'i\c cntirrh 
formed one finds apKsja or lyTiophsia of the teeth sf irting at that point in 
their <lo\elopment A\here the h3 pop^ntlu roiclism came in I\lbnRht and 
Strociv (1933}] Thus, jf a child dc\ cIop> thcdiN? tse at about ten the teeth 
wnll be entirelj normal except for a blunting of the roots of tlic molar teeth, 


15 3 cars 
tsr 


to ^ cars 


Dp 13 Chart Shoainp Development oT Tcetli at 10 3 cars (Bclo\i) and at 15 
lear9{\ioxc) 

Note the under k\clopcil roots of nil except the first molar permanent (shaded; 
teeth nt 10 jcirs compare «ilh Fig H (Iroin BraJj (t'1‘21) I 

the lost parts of the teeth to form (see Tip 13 and 1-J) Thisa'Calcjfit'ilJ'wi 
of the (ceth in hj'pop'iralhj roidi-im maj soeni a little surpriMiig when one 
remembers, the tendeiic} to decalerfication of the bonrs in l^TirrinrathN* 
roidwm 1 he nulhor!>’ cxphnation is di*'CU''<e<l on page 17 un Icr ‘ Moilc 
of \ction of the Panlh^roid Hormone” From an histone d point of 
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view these dental changes are most interesting since the first obscrv'ation 
to connect the parathjToid glands with calcium metabolism i\as that of 
Erdheim (1911) in Vienna when he demonstrated a calcification of the den 



Fig 14 X ra> Film (II) of Teeth of Patient M G H S5GS with IJiopatliic Hjpo 
paratJoroidism Compared i>ith Film (A) of Teeth of Xorrnal f>ub;ert 

PatiertwasfirstscenntthoogcoflSjr willialuatori of 4 > cars duration Isolc 
blunted ends of teeth in (B) , compare with I ig 13 

tine of rats teeth folloiung paralhjroidcctoniy These obsenalions of 
Erdheim were extended m 1929 by Enlhcim and Albright (unpublishctl 
data) when tlioy showed tint the a calcification ceased when the parathj- 
roidcctomizctl rat reccued parathjroid hormone (sec Fig 15) 
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THE P\R.\TirniOID CUiNDS AND MCTABOLIC UOSF DI^UVSE 


One ^%ould expect the bones, to ^Yicm sIifihtK increavd tlen»it\ in h\-po- 
pirathjTOKh'-ni (vide supra), ind thex nctuilli do in mot in'lnnee-, 
although in anx one c isc this might be t ban! point to l>c Mire of (rmer*on 
Vi alsh, and Howard (104 1 )] In rare instant es one find-, o«teomTlacij n^j-o 
ciated with lu-poparathiroidiani, the explmition for thi-> orcurrence is 
probablj the same as for theo-cilcifieation of the teeth in parathi roidecto- 
raized rats (vide surpa) 



Fig la Fffcct of ParatlijToidcctomj and of Parotht-roid Exlnet on CalciGca 
tion of the Dentine of a Rat s Tooth 

The rai was parathiToidectomued and after a perio I of two week* was trcatrl 
for two weeks with <lail\ injection* except for Sun la\s of pint I t-roi 1 citraet 

\ *<igitlaf section ll rough tooth a— dentiue b — uncaJeifieff tentinc or dentin 
Old c — haul of cileified dentine lail ilown Icfore pintbiT ileclonn d— 
ban J of unealcifieddcntineliid down during the peno ] of piratl^Toi f hormo'ie 
insuflicicnci , tod of calcifieil dentine Hid dow n durii g penixl of pira 
th>roi 1 hormone injections 

B Higher power of boxed o(T am in A Note two famt fines («eo arrows) of 
anci5eifie«l di-rrtine tt» e jiM»TrjwtswitTOB\T»*>‘'n5wSa>»wWn vt r rat* dwl ent 
reeene injections (Frdlieipj, j , and Mbnght !■ Inpubluhcd Data) 

(C) Phi/sieal Signs lo hUnt Tdamj 

There are three claN«ical «igTis which are u'wl to elicit Htcnt tt tant an<l 
\ Inch Trc, therefore, to lie looked for when Inpoparatfitniidwn is '■'US 
pectctl 

C/tixxfr/ '« sign CChto-tek (I87G)I w elicited br lapping o\cr the facial 
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nerve 313 front of the ear, a positive result consisting: of a tmtching of the 
facial mu=clcs, notablj those of the upper lip The test is almost inv ariablj 
positive in untreated hypoparathyroidism of a marked degree The 
authors, however, have seen one case in which it was not positive Some 
normal adults give positive tests although this is said not to be true m 
normal infants Three degrees of Chvostek’s sign are sometimes recog 
nizod Chvosfek I — contraction of Uie muscles of the ejelids, of the alie 
nasi, and of the corner of the mouth, Chv ostek II — contraction of the mus 
cles of the alae nasi and of the corner of the mouth and Chvoatek III — 
contraction of the muscles of the comer of the mouth onl> Chv o->tck II 
and III are seen not uncommon)} m nonnal individuals, Chvostek I is 
rarclj present except m untreated lijpoparathvroidism 

Trousseau’s Sign (rrousseau (I860)J iselictwl b} reducing the circulation 
m the arm by means of a blockl pressure cufT whereupon if the test is posi 
tivo, the hand assumes the position soon nath carpopedal spasm, ■~name!3 a 
flcMon at the WTist vvith fingers flexed at the metnearpo phalangeal joints 
but extended at the intorpbalangeal ;omts The authors usual!} keep the 
p^e^‘!u^c in the cuff above the ^stolic blood pressure and allow three 
minutes Iieforo calling the test negative This test is frequenti} not poM 
tne in well marked cases of h}poparath>roidism 

Erb'a sign fErb (1870)] consists of an increaswl cvcitabilitj of the motor 
nerves to galvanic current The test is considered positive if the cathodal 
opening contraction, which normall} requires more tlian 0 milhamperes, ]0 
obtained with less stimulation tint 5 milhampercb Anodal UvT>crexeita 
hility IS present also This test is aradcmicall) interesting but superfluous 

The Q-T interval in the clectrocanhagram is prolongetl hecnu'c of the 
h>pocalcemja [Kellogg and Kerr (193t>), Gro>bic] and Wiite (1941)) 

(D) Dtagnosts 

Once the condition is wispecled from the clinical sjTnptoraatoIogj the 
di ignosis 19 confirmed if it need confirming b} the cluractcristic chemical 
findings, — namelj a low serum calcium, n high senim phosphorus, a normal 
or even low scrum phosphatase level and usuallj an absence of calcium m 
the unm. One van, of course, have any degree of h> poparathj roidtsm its 
seventv roughlv paralleling the degree of depression of the serum calcium 
value In a. tot ill} a p irath} roid patient the serum calcium wall fall ns low 
as4*5mg pcrlOOcc undthcscrumphosphonislcvolmav reach I2mg per 
100 ct I he scrum phosphonis m older patients docs not reach as high a 
level us it does m children (6 mg ± as opposed to 12 mg ±) Ilecaiisc 
of tlie tleircnse m ostcohlasts (see I ig 9, p 22), one would evjicct the 
serum phosphat ise level to l>e low and, as a matter of fact, it doc.s seem 
to he slightly low m manj patients 



ij4 THE PATUTHYROID GLANDS AND METVBOLIC BONE DISEASE 

If the serum calcium is below 7 to 8 mg per 100 cc , the threshold for cal 
ciumevcretion, there will usually bean absence of calcium m the unne wluch 
can be easily determined b} the use of the Sulkowitch reagent (see page 
302) This IS a solution containing ovdatc radical buffered at such a pH 
that when equal amounts of the reagent are added to the urme the calcium 
w ill almo'st immediatelj come down as a fine, w hite precipitate of calcium 
oxalate One can differentiate with this reagent (A) unne wnth xnrtuallj 
no calcium, (B) unne mth small amounts of calcium and (C) unne mth 
large amounts of calcium A unne with no calcium m it is almost pathog 
nomonic of hypocalcemia and, hence, if one can rule out other causes for 
hypocalcemia, is strong eaudenee in fav or of hiTJOparatlij roidism A unne 
with onl} moderate amounts of calcium m it is strong evidence against 
hjpocalcemia of anj but a ver> slight degree, incidentallj, it practicalli 
rules out hj^perparath} roidism A unne with large amounts of calcium is 
strong cndence against hj’poparathj roidism consistent with the normal 
state, and quite suggests e of hj'perparathjTOidism or some other metabolic 
disease associated with hiTjercalcuna (ndc tnfra) Needless to say, if the 
patient has drunk a lot of mitk on the daj of the test the unne wall contain 
more calcium unless the patient has hj-pocalceraia when it should make no 
difference 

The authors liave encountered three cases of hj’poparath>roidi«m who 
excreted large amounts of calcium m the unne at low lea els of scnim cal 
cium This phenomenon was apparcnll> a««ociated with an acute coccal 
P3 elonepluatis m one case and disappeared when this was alleviated bj 
Penicillm therapy No explanation was found m the other two case« 
For a further discussion see ‘ Iibqpathic Ilypcrcalcuna”, page 200 

(E) Differential Dtofftipsis 

Other conditions which cause telanj may be confused with hjqiopara 
thyroidism For all practical purposes one can consider tliat there are two 
causes of tetanj hjTiocalceraia and alkalosis As far as the authors are 
aware there is no convincing evidence that the tetany due to alkalosis is 
entirely due to some secondary change m the availabilitj of calcium ions 

The cau'^es for hj^iocalcemia other than hjpoparathj roidism arc rickets 
(or its adult form osteomalacia) mlh its v anous etiologies mcludmg st cator 
rhea (see section on ‘ Osteomalacia” page 217) and renal insufilcicncv with 
urea and phosphate retention In rickets or osteomalacia the low serum 
calcium value IS charactensticallj coupled with a low or, m some instances a 
normal serum phosphorus v alue High serum phosphorus \ alucs are most 
unusual The serum pho«pIuvtase level, which is normal or even low m 
hj’poparathj roidism, is high in both nekets and ostcomalaaa Steator 
rhea, of w hich sprue is an example, probably leads to hypocalcemia because 
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vitamm D being fat soluble is dissohed m the unabsorbed fat The 
condition, hence, results m hypo\utaminosis D, the blood chemical findings 
therefore, are those of osteomalacia In addition one may find evidence 
of the lack of other fat soluble Mtamins, notably vitamin K (Iiemoirhagic 
diathesis) and vitamin A (night blindness keratosis pilans, etc ) [Albnght 
and Stewart (1940)] 

In renal insufficiency with azotemia one finds phosphorus retention iMth 
a compensatory lott enng of the serum calcium level There is howe\er, 
in renal msufficiencj as comparetl with liiTioparathyroidism a lesser degree 
of hiTiocalcemia for the same degree of hjTierphosphatemia One seldom 
meets tetany m renal msufficiencj with hjpocalccmia because of the asso- 
ciated acidosis which inlubita telanj 

The commonest cause of tetanj duo to alkalosis is hypers cntilation, 
usually the result of some emotional disturbance The diagnosis is s erj 
simple The respirations maj beserj rapid, m some cases however, thej 
are merely a little deep and not so stnkinglj rapid There may be a past 
lustoo of similar attacks umicr emotional stress The condition responds 
quicklj to holding the breath or rcbrcathing into a paper bag The unne, 
charactcnsticallj , is all^ahnc and contains normal amounts of calcium 
The presence of calcium in the urine can be quicklj verified by the aid of 
SuUfoftitch solution («da supra) In hjperventilalion the COj combmmg 
power of the serum may bo onlj slightly reduced The most significant 
change m the scrum is a lowenng of the CO content of the arterial blood 
[Talbott, Cobb, Coombs, Cohen and Consolazio (1938)1 A le«s common 
form of alkalosis tetanj is that due to ingestion of large amounts of alkali, 
where one encounters an alkaline unne, calcium in the unne, high COj 
combmmg power of the serum and possiblj a high scrum total base value 
In alkalosis due to exccssiv c loss of gastnc contents one again encounters 
an alkaline urine, calcium m tlie unne and an increase COj combining 
power of the serum, this time combined with a lowcnng of the serum 
chlondc value and possiblj, of the scrum total base value as well 

The difTerentntion between hjpoparUlijroidism and p^udo hjpopira 
thjTOidism Will be discussed below under Pscudo-bjpoparathjroidism’ , 
page 40 


(F7 Treatment 

The treatment of hjpoparathjroidism lias been cntirelj revolutionized 
since the advent of dilijdrotachj sterol [Albnght (1939)] A short digres 
sion on tJus subject, therefore, seems in order * 

* The Action o( dihjdrolacbj'stcrol is d acussed more full j in tl o cl apt cr entitled 
"Mode of Action of \ itaram D and Dibjdrotachjstcrol (A T 10) , page 122 
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Diii>drofachj<5<eroI or AT 10 Cantiletanishes Pnparat Nr 10 ’), like 
^^tamln D, is a photocliemical dcmatne of ergoatero] Its development 
was based on the suggestion that the toxic and anti rachitic cfTecfs of 
vntamin D are due to two different properties Tlie previous conception 
had been that the toxic raanifeslations — caJcium deposits m v anoua oigans 
and hj’percalcemia — were due to an overabundance of the anti rachitic fac 
tor— hence, to a hv’pervatamtno^as (eee page 9 d) The toxic factor was 
designated the German workers as ' ChIano<efaktor" V T 10 was de- 
velopedbj HoUz(l933) It was thought to conUm a large amount of the 
‘ Calcmosefaktor” which, it was hoped, would be beneficial in the treatment 
of hypoparathj roidism , such prov ed to be the ca«« 

Extensivestudies were earned on at the Massachusetts GenenJ Hospital 
to determine just how the action of A T 10 differs from that of v itamin D 
and some rather definite conclusions were amved at First it was deter 
mined that v^tamIn D lias two pnman actions nhieh ate not rehtetl to 
each other but upon which all other ^quelac following administration 
depend (Albnght and Sulkowatch (1938)) Tliese actions are to increase 
calcium absorption from the gastro-mtcstmal tract and to augment pliOir 
phate excretion into the urme The former alone is anti rachitic, the 
latter explains the demineralisation one gets from exce>s«ive dewes of \nta 
mm D ^ow A T 10 was found to liave thc*e same two actions, but the 
ratio of the phosphate-excretion-cffect to the calcium absorption-effect was 
found to be greater with A T 10 than withMtammD (\lbnght, Bloomberg, 
Drake, and Sulkowitch (I93S)I 

Since the mam aetjor of the parathyroid bonnone is to increi'e phto 
phate excretion m the vinne, it follows that the action of \ T 10 more clorfl} 
resembles that of the hormone than does the action of vitamin D flow 
ever, as emphasized by McLean (1941), both A TIO and ntamin D will 
raise the serum calcium level in hj-poparathvroidism if giv en in sufficient 
amounts Thus whereas theoretically A T 10 is the more suitable prepara 
tion to u‘v, when it comes down to a matter of doUara and cents vitinun D 
13 often the drug of choice 

To return to the treatment of hvpoparathjToidism, the main indication is 
to raise the low lev el of the calcium of the serum to normal without over 
doing the process and obtaining hyiiercalcemia Thus, all that is needed 
is an agent to raise the serum calcium and a simple method of gauging this 
lev el \ T 10 or vntamin D («w page 127) fills the first need and the Sulko- 
witch test for calcium m the unne (see page 302) the second 

Once the diagnosis of paralhv roid tetanv u. made, A T 10 is admim-tered 
m sufficient quantity so that the unne test show^ moderate amounts of 
calcium If laige amounts of erfemm appear in the unne, the do-age is 
reduced and the danger of hyTercalceraia is avoided The patient doc^ 
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hi3 own tests and modifies the dosage acootding to the resuUs The au 
thors usually presenbe about 3 cc of A T 10* a da> until calcium appears 
in the unne and then the dosage w dropped to a mainteniiue le\ el of about 
1 cc three to sei en times a ueek It is reall> not nccc'^arj’ to hai e serum 
calcium determinations It must be s.ud, lio«c\er, that anj normal per 
son, shortl} after taking a large amount of milk maj diou an abundance of 
calcium in the urmc Since one keeps one’s patients mth hj’poparathx 



OATrs 

Fig 10 rffpct <il Parathyroid F^lracl and Dihydrotnchy sterol on 'Icrum CaJ 
cium and Plio'ipliorus IavcIs of a Patient with Pseudo hvpopimlhvroKiiam 

Note that par‘ith>roid extract even in enormoua amounts (up lo 1500 units per da\ ) 
irsif » ithoul effect on the ahnormal ri/«uni and pbaspbarun levels, tr/icrcaa 

large do«ea nl dih}drotach>*8tcrol (XT 10) did ntlecl tl esc levels (I-rom AUingVil 
JJunictt, SiniUi, and Parson (1012)1 

roidi^m on a high calcium diet (itdr tnfra), one would evpcct them alwiis 
to show hvpercalcun i if their lc\ch of scrum calcium arc normal Thu’- 
it turn'' out tint, if the dosage is roiliiced whin a large amount of calcium is 

• DilndrutachysteroJ or A T lO w djstnbutnl in the United States by t Jip» IV in 
thropCht inicd Compm% It is markelMinanoiIv solution each cul ic eciitimiler 
cont'iiniiifr 1 25 mg of diljydrottchvstcrol IVior to June l!)t2thcsimc preparation 
wiis Jatieled S mg pi r cc l>eca!isc of llw pmtenceot then uiireeognieed inert mate 
lala Tin. prep iratton is administered ba mouth 
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noted m the unne, the blood calcium wll be kept at a sltghtlj sub normal 
lei el This js probabU all the better ‘^mce it further guards agamU 
hjT?ercalcemia and since shght h^-pocalcemia is not deleterious 
There are a large number of inea<mres other than V T 10 admmi'stration 
uhich may be useful in the treatment of hiTioparathi roidi«m (EUsiiorth 
(1933)] To be sure, treatment wth A T 10 lias been so sati^factorj that 
one maj be disinclined to bother with the other me inures A feu of the 
salient points i\ ill be mentioned There should be a high intake of cnleium 
and a loii mtake of phosphonis Milk, therefore, is contraindicated bo 




Fig 17 Biopsy of ParathjToid Gland of Patient with Pseudo hypoparathj roiuism 
Jsote Donnal amount of fat tissue which is evidence agiinst a marked degree of 
hyperplasia [From Albnght, Burnett, Smith, and Par«on (1042)) 

cause it IS high in pho‘‘phoni<‘ a*! neJJ as caJcjum Djcfaij conditjons arc 
sufficiently met if one omits milk as a bexerage from the diet and takes one 
teaspoonful of calcium gluconate or calcium lactate, di':«ol\ed in water, 
three times a day One can decrease the pho-splnte absorption from the 
gut In admimsfenng aluminum hxdrovide (one to tuo te'ispoonfiib of a 
3—1 per cent preparation three times dnl\ with meals) Jii^t aa alhalo^n 
causes tetanj , so acido«is tend-* (oallexntetetnnx It i-, therefore, helpful 
m "ome instances to make the patient slightly nculotic Cilcium chfonde 
bj mouth produces a slight aci(loRi>* boc-ausc more chloride is absorbed tlian 
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calcium A favonte prcscnption m the past has been 10 cc of a thirtj per 
cent solution of calcium chloride diluted in n-ater three times daily after 
meals Such a prescription produces a slight acidosis and insures a lugh 



Phosphorus rxcrctioninTwoPntientg with Psculo hjpoparjlhjroidism Compm 1 
with Normal Individutls and Patient P R with Idiopathic II> poparathjToi lism 
JChnrtcd from data lo TahJe J of ^Jbngbt Bumclt ‘'mith nn 1 Parson (1912)1 

calcium intake at the •^amc time • It has been bIiowti that the thsToid hor 
mono tends to mi-vp the icnim c'jJciuro Ictel m hjTJopnnthiroidi'mi I\ub, 
Albnght, Bauer, and Bo«*mcial (1032)) Since imnj ca«os of poat 

• We have some cvidonco if at Iodr nntiniie I calcium cl Ion fe thorai j results in 
a renal disorder characterized I > I >perca1curia at low serum calcium leads Lnlil 
this question is clanried the prolonged use of calcium d londe si ould Iw riiterr'd 
upon with caution 
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operatne hjpoparathjTOidism are at the same time suffenng from a slight 
thjTOid lack it IS often to push th\ToicI to the limit of tolerance VI 
though parathyroid extract has pJajeda large part m thohistor} of parathy 
roidology It Is not u'sed m the therapy of hypoparathyroidism It 
drawbacks are that it is expensne that it often causes a local reaction and 
that its effectu enc^s n ears out apparently because of anti bcKi\ formation 
In an acute emergency 10 cc of calcium gluconate can be administered 
intraa enously this is to be preferred to calcium chJondc irhich often causes 
thrombosis of the a eins and which subcutaneously may cause a slough It 
must be emphasized howeaer that whereas the symptoms of tetany may 
be quite temfynng the condition is seldom fatal The que>tion ha® been 
raised whether there may not be «;ome danger m administenng calcium m 



Fig 19 Pacudo hypoparathyTo d sm Photograph of Three Patients to ®how 
lioiind Paces 

(\)CM MGH14960'’ {B)I S M C H 239930 (cf Fig 21) {C)Il M MGR 
2S76 S (cf F g 2^) iFrom Albright Burnett Sm th and Parson (1W2)I 

patients recemng digitabs Two cases hate been reported m which death 
ensued apparently from cardiac standstill [Bower and Mengle (I93G)1 

If the blood calcium is kept normal in hy poparathyToidism cataracts do 
not detelop Those once formed however do not regress In many 
instances tlieir removal is required 

n PSEUDo-nypopui-iTinmoniiSM 

This interesting svndrome described by Albnght Burnett Smith an I 
Parson(1942) has essentially the same symptomatology chemical findings 
and physical signs as those of hyiioparathyroidisra but tl e cau«c of tlie 
disturbance is not a lack of parathy roid hormone but an inal ihtv to rc<pon I 
to it The symdrome has in addition certain deaelopmental ibnormalitics 
tthich sene to delineate it from tnie hvpoparathsroidism 
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The identiGcation of the sj ndromc was the result of a lucky comcidenpc 
The first patient, IS (MG II 2399C5) n 28 j ear old female, entered the 
hospital m March 1940 because of ‘'idiopathic epilcpsj" which liad been 
present since the age of 12 Because the bones of the skull bj x raj w ere 
unusually dense, hjpoparathyroidism was suspected This diagnosis was 
made when it was found that her Chaostek sign was poaitnc and that her 



Fir 20 Pseudo hj'popAratbjToidism Photograph of Patient to Show hhort 
Stature 

Patient I S (MG II 230965) 2S j care oM height 137 2 cm (5-1 inches) llrom 
Albright, Burnett, Smith and Parson (1012)1 

scrum calcium and phosphorus leads wore 64 and 00 mg per 100 cc 
respectitelv luckilv it was decided, for certain academic reasons, to 
sludj the cITcct of parathjroid extract which is now no longer used m the 
routine treatment of hj poparathj roidism She rcceitcd 74 cc (7,400 
\inits) of pirathjToid extract oxer a period of 12 dajs without anj definite 
effect upon the semm phasphorus or calcium lexels (see Fig 10) It was 
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Fir “’I Pseudo h^Toparatfuro d «ni Ptotojfrapl »n I \ ray of I/an lo 
*'1 ort nnRcrs 

Note t! c 8/ ortne«a of all f ngers Mcopl index rmjters the Jailer !•» ng as a retjU 
Jonffer tt an tl c mi Idh f ngcr i ole that 1 / e ehortr e« a( f n^era « d r pi t > 
short motaearialj (Patent I •• MGJI Jlroui \1br ght, Pu-oclt, 

Fm tb anl I arson (1912)1 

dpfnitclv P'Hblj^hpd th'itfhp)i*iln«orJi?cri\rdp‘irith>ro d c’ctnel in lie 
poi^t, «o tliat this arairing rcsostance to the hormone «a3 not d ic to anU 



IiK 22 INeudo hJ|lop'lr'^tIl^ronlI«m I*hoto^p1i nml \ ra% l-ilm nf Han h of 
I’nttotit of 0} '^cnrs to ‘'how Jihort r»ngerfi 

Note that thi epiphj-scs of melaearpnis IV arc united and that the epiph^es 
ofmctacarpalsIandN aromthcproceasofumting (I’alientU M ,MG H 2S7G7h) 
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hod} formation Fortunatelj she did respond woU to dilivdrolaclij-^tcrol 
The h\T)othc«is <5Ugge«tcd it«*clf tliat, since she iT«b. unjbJe to respond to 
panlhj roid hormone, her orni pamlh^ roids might not be deficient She 
ioliinteeredtoimder^oane.\p}orationofthepirath>roid9 Dr 0!i\crCope 
unco\ered the first parath\roid gland looked for, the biopsj of which 
showed normal parathjTOid tissue (see Tig 17) It was a little «iirpnMng 
that the panthn oid tissue ivas not hjTicrplastic, a biopsy on a second «imi 
hr case did re\eal hj-perplastic par*itti\ roid tisaiie 

\t the Massachusetts Gencml Hospital then? liaie now been four «i.rh 
ca«cs, three of which were reporteil in the original publication [\lhnght 
Burnett, Smith, and Parson (1042)} “Hic authors know of three «iRiiJaf 
cases one of Dr Edmund E BeanI of Clc\ eland, one of Dr RanilaU G 
‘Sprague of the Alas o Clime, and one of Dr Johns L Browne of Afontreal 
The resistance to parathjToid extract can readilx be dcmonstralwl bi the 
Ellsworth Howard test [ElUworlhand Howard (1934)j Thn lest isha.'Ctl 
on the fact that the first metabolic cliange following the ndministration of 
parathj roid hormone is an increase in phosphate excretion in the unne, the 
test comprises the jntnienoiiaadnMnMntjon of 2 cc (200 unilO of pan 
thyroid extract to the fasting subject and tlic ilctermination of the phos 
phonis content of unne «pecimcns hourix for three hours before medication 
and for three to fne hours after medication In Fig 18 the results m two 
cases of pseudo hj popantln roidi'm arc contraslol witii tho«c in one ca<*c 
of true hypoparatlij roulism and with tlio^ in normal indix iduab 
Albnght, Burnett, Smith and Par^n (1912), m their first report wore 
struck with a certain sameness in the phy-^ical appearance of the paiienL* 
with this syndrome Their faces liaxe n tendenej to lie umi'^uallj rounl 
(socFig 19)andtheir5taturc9fobcthick«ctRnd«hort(v*eljfi 20) Thin of 
the four M G II ca«cs, twro were adults (cases 1 and 1) and had heights of 
1372 cm (54 inches) and 1324 cm (r»0 inches), rc^pcctn clj Perhipsthc 
most striking feature, how ei cr, is the tendenej to bradu dactj 1} , esper lalli 
ns reganls the metacarpal bones (Fig 21 and 22) “nio cause of the short 
ness IS carlj closure of the cpiph)-sos (vc Fig 22) 

The sliortcnmg of the mctacarpil and metatarsal bones m pscudci- 
h^poparoth^ roidi«m hasixen analxzed more do«d\ b^ Dr Bc.inl Short 
metacarpal bones occurred m our cases 1 and 3, Beards case Spragues 
case, and Broimc s case If one numIxTS the metacarpal bones I through 
V, the meticarpal of the thumb being I and the metacarpal of the little 
finger being V, jt appears from (he oh*s?rvations of Pol (quot«l hi Ik an!) 
that thcc-e mctacarpab arc mot't prone to 'how diortnevs winch normally 
begin cartilage proliferation latest ami rcceiie (lit ir cpiphj'ses latent 
the mctacarpals the sequence m onicr of diniinidung lateness of cartilige 
proliferation and cpiphjseal formation is I, \ , IV, III and If The firo 
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ca«es iMth short meticarpaU mentioned ahoic ha\e adhered prettj well to 
this order Thus, Beard's ca«c had all the metacarpals shortcnetl on one 
hand, and all but metacarpal 11 on the other, in our case 1 and in Browne’s 
case, all mctacarpals were short except metacarpal IE on each luand, m 
Sprague’s ca‘«e metacarpnis I, V, and IV were shortened on both liands, 
the mother of Browne’s case liad shortening of mctacarpals I, V, IV m one 
hand and of V and IV m the other In our case 3 (see Fig 22) it would 
appear now that he will end with the same distribution of short met icarpals 
as Sprague’s case Browne’s case showed in addition shortentmgof some 
of the metatarsal bones and early union of the cpiphj ses of the bones around 
the elbow, furthermore, both patient and mother showeil bomng of the 
radius and e\ostoscs such as are seen in d>sohondroplasia. these obsciwa 
lions suggest that the sjndrome under discussion is related to d>schon 
droplasn 

Broivne was impressed with the calcification m certain of the soft tissue^ 
espcciallj around the joints IVhcrcas oue meets in true hjpoparatlu 
roidism abnormal calciiitation of the soft tissues, such as calcification of the 
basal ganglia referred to abo\o, «uch obiious calcification is apparentU 
not as widespread as in pseudo hj poparathyroidism 'rhus, our case 1 
showeti numerous areas of soft tissue calcification in the e\lrcmitie», our 
cose 3, a boy of three jewns and three months, showed areas of talcihca 
tion of soft tissues of the chest, nb<lomcn, and extremities, some of which 
could be felt on physical examination 

Great interest is attached to Browne’s case since the motlicr hkowi'O had 
abnormalities of the metacarpal bones Unfortiiintclj , there has boon no 
opportunity as y ct to establish the presence of pseudo-hy popamthy roithsai 
in the mother. 



CrrAPTER 3 

CLINICAL IIYPLnPAI^ATIIYJ^OIDIS^r 

j rniM^m jnrEni*tn.tTni7?ornis»f 
(A) Dejinthon 

Bj "pnmarj hjT)erpanthj roMh'sm" i*. meant a condtlion «licre inort 
parathiroid hormone is manufacturetl than is needed B\ “bpcondarj 
hjperparathjroidism” js meant a condition nhcrc more pimtlijroid fior 
mono 13 manufactured than is normal but where this hormone is noc<Ic<l for 
some compensatoia purpo^v 

(B) Etiology 

Pnmao hiperpanthjToidisra ma> lie due to a single adenoma or a 
carcinoma of one of the four gland-* to muUiplo adenomata, or to lu-pcr 
trophj of all paratiijToid tis.-ue In the first fifij coses of lypcrpanthN 
roidism pro\e<l b> opcntion or autop^3 at tlic MiuisachiiNOtl'' Gencnl 
Hospital there wore fortj om ca«c3 of single adenomata, three ca.<«H of 
two adenomata, and si\ cokjs of h>pcrtropIij 

The cause of the adenomata is, of course, unknown It is of interest, 
howe\er, that si\ per cent of this senes of cases had two adenomata, two 
glands being ina oi\ ed This of cours?, «iiggcsts tint the prerh^posing fac 
tor to adenoma formation must at some time ha\ c affectwl all pnratln roul 
tissue ft •'oeras not improbable tfmt a precsi^tont hjpcrplnsia of t/a 
parathyroids may bo this prwlispo^ing factor Indeed, Fnllieim (1007) 
Ins de^enbed ‘ germmatne tooters” in hy perplastic parntliN roid gland It 
may well be that one or more of tliiM. centers occasiomllv Jose Ihnr 
property of being controlled by normal btimuli and turn into ntkncnwta 
producing hormone regardless of (he bodilv neoiN flic question, tin re- 
fore arises uhether there is any midcncc tliat hy 7 »erparathy roi(h'>ai occurs 
m patients who ha\c had a preesixtcnt Inporplasia of tin parathyrntl 
glamls 

There arc four well rccogmzcil conditions in whicli one encountere luTor 
plasia of the paritlnroid glands, namcK nckcls (or o-<tcomalncn), prrg 
nancy, renal in<;unicioncy of the taiie associatcil with pho pliatc retcnti m 
and calcium depmalion AH of the«c fourcoiuhlions lua\e a tcmlcncv to 
a low scrum calcium a ahie and tt seems not improbabk Ikat the ntimul 
stimulus to piratluroid hormone production is a «enim caliium % ilue- 
bclow normal 

If pregnancy is a factor, oiic y\oulil expect to fiml mon cabcs in fcmalc-t 
tlian m males fcuch «oemb to be the case Tlius of the first S3 pruyf’^ 
cases at the Massachusetts General Hospital, 5-3 were females and 2Sma!c« 
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In 1934 ^^hcn the Massacliu'ctts General Hospitnl cases stood at 18 proved 
cases one of the authors was able to collect from the world literature 82 
ca«es making 100 cases m all of these 69 were females and 28 males 
jn three the sex wa» not reported The incrca-e<l incidence m females 
therefore ma> suggest that the hjpcrphsia of the parath\Toids dunng 
prcgnanc> is a factor One ease m the authors experience is of special 
interest in this respect The patient had dcvelopetl a tumor of the neck 
following a msicarnage fourteen jears before admission This tumor of 
the neck later proved to be a paratbj rod adenoma and the cause of her 
presenting symptoms 

In ca'ses where one finds multiple adenomata m one patient the explana 
tion maj be that a preexisting hjTjerplasia led to multiple gcrminatixe 
centers and hence to multiple adenomata In a few instances a second 
adenoma «ecms to ha\e de\ eloped after remo\al of the first ^^cha\eno 
data to show whether the second adenoma was alreadj present at the time 
of the first operation and merely enlarged thereafter or whether it orig 
mated after the first operation If the «ccond explanation is the correct 
one it would be e\idenco in faxor of some continued mfluenco making 
for adenomata formation The authors prefer the first evphnation 

The authors arc not aware of anj clinical exidcnco which dofmitcli 
links hypcrparath>roidism with a preexisting rickets There is appar 
cnllj no increase m mcidenco m the colored race contrary to what one 
w ould expect if this w ere true 

Tlicrc IS perliaps some correlation between the incidence of hj^per 
parathj roidism and llie histoo of a low calcium intake Marine (1913) 
found enUrgement of tlic paratinroid glands m fowls on a low calcium 
diet Luce (1923) confirmed this m rats Pierre do Boissezon and 
lombard (1939) found tint sodium phosphate injections in Pibbits and 
dogs caustxl parathjroul hjperphsi i whereas calcium gluconate injections 
decreased the size of the jiaratlij roid I inallj Ham I ittner Drake 
liobert'^on andlisdall (1940) found lo pertrophj of the parathjroul glands 
m rats made nichilic on a low calcium high pho phorus regimen but not 
in rats made raclutic on a high calcium low phosphonis regimen Scxcra! 
'paawwil?) w hj pcrparalLj imdwm e gix en w hi3\.OT> of a long coiiimncd 

calcium deficient diet Thus the sea captain first studied bj Hannon 
Shorr, McClellan and DuUois (1930) had been on a diet almost dexoid of 
milk eggs and green xcgetables Wilders (1929) patient had alwajs 
axoidcdmilk cream and x ogctablcs 'Ihi mtcrcslmglj enough, Iiad liecn 
brought out by Dr George R Mmot of Boston who liad studied the 
patient I ccau'e of her cncmia 1 he authors are iware of other patients 
who haxe had an unusual dislike for inilk 
In summarj therefore it seems possible that parathjroul adenomata 
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formation maj be connected mth the following sequence of c\cnt <5 (V) 
some situation tending to lower the «crum calcium le\cl (B) stimulation 
of all parathjTOid tissue (C) formation of manj circumscribed “germina 
tne centers , and (D) loss on the part of one or more of these centers of 
their property of being controlled bj normal stimuli 

There is some evidence that pduitao hormones and mculm mav plav a 
part m the causation of parathjroid tumors and hvperplasias Ilou^.'av 
(1936) showed in dogs that pituitary jnsuflicienc} is associated mth an 
atrophj of the parathjToids, which, however, is not accompanied b\ anv 
change m the serum calcium level and that antenor pituitarv extract can 
increase the size of the parathj roids, Hertz and Ivrancs (1984) inducwl hv 
perplasia m rabbits with similar extracts The ob'^ervation of Ca-tlcman 
and Hertz (1939) of marked depletion of the cells of the parathjToids m 
a case of panhaTJopituitansm lias already been mentioned (see page 27) 
Hou«saj further showed tliat m pancreatic insuffieicncj in the dog there 
IS protoplasmic <li«mtcgration of parathjToid tissue, this time nssocuitetl 
with a fail in the '»crum calcium Icrel and a n«c m the «?nim phosphorus 
level, hefound inaddition that uisulm prevents tlic fall m scrum calcium 

Erdheim (1903) was one of the first to describe the finding of enlarged 
and cv cn adenomatous parath> roids m conjunction wath cosmophilic pitm 
tan tumors and acromcgalj , m his ca<»e the largest of the pamthvTOul 
glands measured 17X00X03 cm Others to report similar findings 
in acromegaU include Claude and Baudoum (1011) and Cudung and 
Dav idoff (1927a) Sclimorl (1912) (see also Molincus (1913)1 reported the 
finding at autops> of a large ba«!Ophil tumor of the pitmtarj together with 
adenomatous eo/argi’mcnt of the parathj nud glaxids and ostcftts fibma 
generahsata 

Special interest is attaebn! to those cases in which m addition to pitiii 
tarj and parathyroid tumors there arc one or more co-cxisting pancreatic 
islet tumors Lloyd (1929) reported adenomatous enlargement of two 
out of three parathy roid gland*« in a patient dyang w ith a chromopliolx! 
pituitary adenoma without evidence of acromegaly, the patient hail m 
addition, adenoma like enlargement of the l lots of I^ngerhans and modcr 
ate cwlacgetacut ot tlic adceoals and ovunes ShcUiumc and Mcl^ughhn 
(194o) reported a similar case wath clinical evifloncc sufficient to make a 
diagnosis of pituitary tumor m whom hypcnn«uhni®m was fir«t rehcvctl b' 
removal of three idet tumors and lijTicrparathyroicIism was sub-cqucntlj 
reliev otl bv remov al of one parathy roid adenoma This acadcmitrilK mo-t 
interesting but as y ct inexplicable intorrelationship lietwccn pituitarv , para 
thyroid and i>lct tissues was brought to the authors’ attention bv our 
colleagues at the Mayo Clime [Kepler, Tljncar^on, Spnguc and Keating 
(1947)] Tlicy Iiave under observation two cases of hvpcrparathyTOftlisrn 
walh marked parathyroid hyperplasia associated with idct and pituitarv 
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tumors In tho Massachusetts General Hospital senes of 89 pro\ c(l cases 
of hj perparathyroidism, no case wath an associated pituitarj or islet tumor 
lias been found "We have one case of acromegalj ^\ho has a high serum 
calcium le\ el and a normal rather than lugh* senim phosphorus le^ el on 
whom we Ime made the secondary diagnosis of hjpcrparathjroidrm, 
unfortunately , how e\ er, she refuses operation 

(C) Parathyroul Pathology 

(1) Normal Histology 

Under low power magnification parathyroid tissue from the nornn! 
adult with its islands of epithelial cells dispersed with fat cells looks not 
unlil e bone marrow Die fat cells howeaer, do not appear m the stroma 
until after puberty , thereafter they increase in number until about the 
age of forty The epithelial cells consist of two mam types tlie chief cell 
and the oxyphil cell The chief cell is C to 8 microns m diameter with a 
largo nucleus from 4 to 6 microns in diameter Its cytoplasm with the 
hematoxylin and cosm stam may hu\c a pinl ish or a partially ^ acuolatctl 
or an entirely % acuolatcd appeannee if the I xst it is spoken of as a ‘ water 
clear’ or ‘ wasserhellc chief cell This type of chief cell tends to be 
somewliathi^rtliaii those la the group as a whole since its cell membrane 
is very distinct, it has been likcnotl nnlo a plant cell The oxyiiliil or 
elsh cell difTcrs from the chief cell in ha\ mg a reddish granular cy toplasm 
and in being somewhat larger, 11 to 14 microns Most authors distin 
guish between a pale and a darl oxyiihil tell the latter has a much smaller 
nucleus which is intensely pyknotit, and a more darkly rcil cytoplasm 
Tlie distribution of those various cells vanes walh ago Oxyphil cells 
do not appear until after pulierlj but thereafter they incroa'se with age 
They do not contain fat or glycogen Tlie chief cells contain both gly cogen 
and fat, the latter, however, docs not appear until soon after puberty or 
cessation of growth The epithelial cells form cortls and occisionally 
follicles After puberty the latter may contain colloid giving an appcir 
ance not too unlike thyroid tissue to the untrained micro copist 
For a further discussion of normal histology in the Fnglish language 
the reader is referred to Casticman and Mallory (1935) 

(2) Adenomata (Parathy roidomatat) 

The adenomata vary m size from structures which arc smaller than the 
normal parathyroid gland to tumors scveml mthes m thamcicr, which arc 

* The scnim pi osphorus level tenda to I e high in acron cgaly [Itofenstcin l\n 
aell nntl Aibng) t (1016) see page IBS] 

t At timeillua Ijj eof tumor (s more | ro|rrl> caIIciIbi vrathyroidomaratl cr ll an 
analcnoma because tlic cells do lotfurm^i UlCastlcman (1915)1 
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clmicalh ea«i!} dcmon'.trablp With the «?mal!cr tumors it quite often 
possible to find a crc'Cent of norma) pnmtlnroid ti'.'uc on the out« dp of 
the tumor («op Tir 23) Since the adenomat », a> a nile, nin-ist of v,},,! 
mass's of epithelid cclN, the remaimnK nm of normal panthcroid li?nn. 
can cnsiK Ikj rccognizcil l)otau«c of Hit mtctvpop-ion of fat cells flie 
cell t\'pe m functioning adenomata k appmntU in\anabl\ the thief cell 
It Is, tilt opinion of Castloman and Mallort th it the n\\ phil cells ire non- 
functioning cells and that paralln roid cells to function nui-t contum gb ro- 
gen For a more thorough diMrussion of the hi^tologj of the ndcnomiti 
the reader is referred to Captleman and M illor\ (10 r>) 'llie mo-t impor 
tant tlinicnl consideration, of course is to 1 m* able to dilTinntLite at o|>era 
tion this t>po of pathologt from btiicrphsu and from hjpertrophi Hie 



Tig 23 PhotomicroKTSphof I’anitliVTrtid tdcnom-ifrom Patient with ttiUffyii-r 
parath>ronli«m (M C H 31213)) 

jd aJtnnnn, Jt— err«rrnt of uonnal paratlijronl h^^*ue 


diiTerentiation will lie distus>«l lielow under “IIvTiertropln of the I’lM 
thtroids’ Ih-pcrtroph} andH>|>crpItviaofthcPanith\roids’' {ndemfra) 

(3) Carcinomata 

The nuthofs are aware of onb three cise- in winch unquM lornble e'lafrr 
of the pintlnroid glantfs was o?s«M:u<c<f with Jnporpnrithtmdf-m lOuf- 
man (personal tommunic ition). Meter, Ilosi, and Hagms (1031)) snd(»cn- 
t lie, .‘skinner, and \shlnim (W1)J* Or Hevander If ai!tm.in if c 
Preslittenan Ho-pital m New Yoriv Cit\ w is kind enough to -uppb 

• «incr thw nwnu*fript | rrpartd a feroste patient (M f< H ^ 

fanccrof tliepnrathjroi(lsli3stMM*nrefrrmUol>r OliirrO p^l > IV It M h«ri'3 
of ftacuie tWwnsin ThMpafiinteon«itulc«ca*<“Bwn!bcri'9jnt'ur<“nr*t>fr^u' 
-uses of hj perparathi roi li*m 
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of the interesting tlelnh of one of thi^e ca*>os The iiatient underwent a 
panfh 5 roidectom\ in hilv, I93S at the age of 56 for wluat appeareif to lie 
classical hj’pcrparathjroidisna with osteitis fibroma and an clc\ate<I senim 
calcium leicl (iO 6 mg %) At operation a paratlnroid tumor J 5 cm in 
length was found bee uise the tumor was inaading the blood \e^eK tho 
ad/aecnt tin roid gland, and the capsule, it iras considereil to be carcinoma 
tons The patient made a spectacular recoaety with recakification of tho 
shcleton and a return of the «!enini caliium Jeiel to norma! Iloweier, in 
October 1940 he had a recurrence of hjperparathjroidism and of the chn 
jcal, \ ra > , and chemical findings \ setond exploration re\ e ilol ww era! 
masses of carcinomatous tissue 

Castleman (1945) was unable to find a single example of pmitluroid 
carcinoma in more than cightj tumors, of the parath^ roid glnnd> It is 
therefore apparent that the cniena for the diagnosis of maltgnancj must 
ha\o been quite different, and we think questionable in the senes of cases 
repotted hj Alexinder, Pemberton, Kepler, and Ikotler' (1944), m which 
thc> found thirteen ' carcinomata” out of fourteen cases 

(I) Hypertrophy of tlio Panthyroids? Hipcrtrophj and IJapcrpIasi » of 
tho Parathyroids? 

The condition whitli tho authors now call 'Inpcrlroplij of the pin 
tlnroidb’ is most mlcrcsting and ippircnth rare (Vllinght, Sulkowitch 
and Bloomberg (1938)] Vlflioitgh it has oeeiirred m 8 1 a es in the Mu'sa 
chuset ts Ciencr \\ Hospital seiies of S9 pi o\ etl ca'-o of Us perparathy touUsm, 
210 similar instance of tho diagnosis bai ing been made during lift h id been 
reported from other chines of this country up to 1947 * The conditum m 
aoUpsall panthj roid tissue anil w is first consulcnd lobe haiiorjihsia and 
was so designated in a publication Iw one of the authors and his rolleagucs 
(Albright, Bloomlnig Casflcmnn, and Chunhill (1934)] Castleman and 
Millory (1935) desigiuteil the condition “pnmarj li\porplasia’ as opposed 
to “secondary hyperplasia”. 

The composite weights of the four glands of tho first 0 cases with this 
condition of the Alnss-uhinctls GenerU Hospital scries \arieil from 2 510 
mg to 19,100 mg, aafucs which aro rougldy 20 to 100 times the mean 
weights of normal glands Gilmour and Martin (1937) founil that tho 
means and standartl deviations of the weights of norma! parathy roid tis.s«c 
are 117 G and 45 97 mg rcspectncly,for men and 1313 itul 1502 mg for 
w omen Tlie smallest set of glands m their senes w cig!icd 25 mg am! t!jo 
largest 38S mg 

• In Fcl ruarj 1917 Jhack an 1 ^pra|.ue ( 1917 ) reported s chssicnl example of iJ is 
condition diagn wd at oiKralion and trcalwl bx sul total reliction Ihii was cs^e In 
of tb<3 Mayo Clinic scries of patients with prunary by pcrparalliyToidi«m 
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f g -I I hotomicrograplta to IJJu?lrat<* tf c D ftcrcnro m ParaJj ito J U tiology 
l>ctwccti (\) Ilj-pcrplasia *5oconl3r> to Ilrnal InsyfTficncj an 1 (H) I*ralhjn>^ 
1 Ij I crlroplij 

N tc trcmcn Jous difference in fliic of paratl jro (i cilf* u taten from 

No 9 seofagellS [Fn m Mlirglt DraVc and **ullcoiMtch (103“)1 
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The histologj (see Ftg 2tD) in all 6 cases and in all glands from anj one 
case uas cxactlj the same Furthermore, it «is absoliilelj different from 
that seen m an> other condition The pnrenchj*matous cells resembled 
the nonnal wassherhelle cells except that the cliaractenstics that dif 
ferentnte a wassherhellc cell from the usual chief cell were \crj much m 
tensified \\hereas a normal cluef cell xanes in diameter from G to 8 
microns and a nassherhclle chief cell is somewhat larger 8 to 10 microns, 
these cells were \erj much larger, 10 to 40 microns Furthermore, the 
cytoplasm %\as absolutelj water clear and there was a marked tendencj 
for the cells to arrange themsehes in aUeolar formation 
It would seem to the authors tliat, as pointed out by Albright Sulkomtch 
and Bloomberg (1938), the parathiTuid pathologj maj consist raerel> of a 
ballooning out of the cj toplasm of the cells Thus, bj rough measurement, 
the diameters and hence the radu arc of the order of magnitude of three to 
e times tliat of a normal chief cell Since the x olume of a splierc increases 
as the cube of the radius, a four fold increase of the radius would cause a 
sixty four fold increase m the volume It will be seen tint this again is of 
the order of magnitude of the actual increase in the size of the gland* 
Against the condition being a h>pcrplasia is the fact tliat it m no waj rc 
scmbles the pathologj seen m cases where there l^ know n l^Tierplasia (c ff 
m secondary h)perparathjroidi«m), where the cells are normal or on!) 
shghtlj mcrcasetl m size (sec Fig 2iA) 

Rogers and Keating (1947) renewed 22 case* of this condition from the 
htentureand added 4 eoscs) from the ^^a3 o Clinic Thej com hide tliat the 
parathyroid patholog) cannot be explained bj Iij^pcrtroph} alone In the 
first place, thej point out that the weight of the four gland* of one of their 
four patients was throe grams and that of another 54 grams and that 
accordingly, on the basis of the figures for mean parathyroid weights of 
Gilmour and Martin (1937), these two seta of glands were 2Gnnd 410 times 
normal, respoctuelj Irom their measurements of cell size on the other 
liand, they conclude tliat the mean volume of the cells m this condition is 
only 27 times normal and that hcncc only the smaller set of gland* could bo 
explained bv hypertrophy alone Wegrant that tins conclusion is irrefu 
table if the measurements are not m error The estimation of the size of 
cells IS admilttnUy a difilcult task In the second place Rogers and Keating 
point out tliat the mean diameter of the paralluroid tells in the condition 
under di&cussion is 20 to 21 microns regardless of the composite sire of the 
pamthyTOul gland They speculate that if hypertrophy alone, and not 
hyperplasia, were the cnu«o of the enlargement, one would expect a much 
greater mean cell diameter m the larger set of glands To thi* part of the 
argument the authors do not subscnlie since the figures of Gilmour and 
M irtin (1937) (ndc supra) show a marked range m the sire of sets of normal 
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par'ith3roids(2anig toSSSmg) Inconchision \\efccltiua( ^\hcroasthe 
cnhB for bj-pcrtroplu Im by no mcan^ been pro\en jt his not loon 
altogether refuted * 

In the ongm vl communication descnbing this Londition [ \U)nglif Hfoom 
berg Castleman and Churoliill (1934)] considemble circumstantial et ulence 
nas presented which •suggistcd that the condition might he ^ccondir) to an 
cscess of some pituitarj parath>rofrophic sub Hnce Careful stud\ of 
the«e cases howeter lias supplied no ecidence to confirm this h\Tiothcsi.s 
It seemed possible that the cvtraonlmarj enlargement of these tells might 
be due to a stonng of parathjroid hormone If such were the c'lso one 
w ould e\-pcct a gram of paratlu roid tissue from one of these mdi\ idii ils to 
contain more hormone than a gram of pimtln roid tiv ue from a noniui! in Ii 
\udiua! Dr J B CoIIipwa-shmdenoughlocarrj out i luologic il a-ssm on 
some of this tissue and found no appreciable dcMatjon in the hormone 
content from that of normal tKsue 
Thus the nature oi this interesting condition remuns entirelj oliscun 

(D) Clinical Fin lings in Pnrnarr/ Ilijperparalhyrouhim 
The clinical findings m hvpcrpamthjroidism cm bo di\id«f into three 
headings (1) tho^ due to bone di!>e‘X&c (2) tho e due to disuue of Up 
unnan tract and (3) those due to hipcrcalcemn per sc One porhapi 
should add a fourtii categorj namel> findings duo to decrea^cil hema 
topoietic function 

(1) Skeletal T>isc^9e in Prtnian ByperpinlliM-mh'fm 

\s will be discus, ed m more detail I clow it isn mistal e to think of 1 one 
disease as an easential part of InporpirathjroidisTi In man\ rnacs there 
i3 ier\ sc\cre hjperparithjroidisni and no hone disease at nit ft ^ 
luppens that tasis with Ixmc disease pla\e<l an important pirt m thccarl) 
historc of hiTierpar ithj roidism and liaaemaile alasting iinprcs. ion on most 
people s minds Tlie Iione disease w hen it docs occur ton.«Hts of a gcticr 
nhzed tlecalcification with s ipenropo e<l c\sts and tumors and is iltsignalisl 
osteitis tibrosis genetalYo.'it \ tit awn UeekUwibwwsew or tteteitw Rltosc 
cjstica riic tcrmmologj i»not all tliat could be de ircd but it wotd 1 1*< ^ 
mistake to attempt to make changes at this late date Osteitis is of 
course misleading since this condition la not an inflammation I jbrosa 
calls attention to one of the most striking features of the histologv n unci.! 
an increase m the ‘supporting cells of the bone marrow 1 hose {cll» it hn 

•Dr llotcrtH Fer acU Jr otllcDit of I all ol ej iin 1 i canful etu k of 
our c gl th case with tl s sm Iromc in »l cl he u c t ai an in tet of tic ^ re of 
fells the number of nuclei pi r I crtHc picfidi He lonclude I ihnt tho c aJ I pn 
could not bo exj K no 1 1 > ! ypertropbj iiionc to tl is conclus on tl c sulh r* bow 
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been suggested, give nse to o'steoblastsand osteoclasts and, since both these 
latter tw o cell t j pes arc increased, it is perhaps not surpn'sing to find an 
increase m the parent coll tjpc The authors prefer “gencrahsata” to 
“cystica” “Cjstica” calls attention to the fact tliat some cases have 
superimposed cj sts filled vnth fluid and lined mth fibrous tissue, tlip'si cv sts 
are almost certainlv degenerative phenomena \ good many cases how 
e\ er, <lo not hav e cj sts “Generalisata” emphasizes the fact tiuit the bone 
condition is generalized as is tnie of most metabolic dtsevscs This i> a 
verj important difTerentnl point in distinguishing bone disease of hjper 
parathj roidism from certain other conditions (nde tnfra) Von Reckling 
liauscnS name is Usuallj appended liecaiise it has been bclicv cd that he dc 
scribed three examples of this condition m 1801 As a matter of fact the 
authors now believe that two of his three cases had an ontirtli different 
condition, polj ostotic fibrous dj spksia (see page 283) 

Bone tumors, which are commonly present iii the bone d^ease associated 
with hjpcrparathjroidi«m, arc not ns a rule referred to in the descriptive 
name of the disea'c Ihcv consist of solid masses of soft tissue without 
bone, composed of the supporting tolls of the bone marrow , osteoblasts, and 
osteoclasts Hunter and Turnbull (1931) designated them as “osfcoelasto- 
matu" Inthcnutliors’ opinion “osteoblastomata” would bocqualK suita 
ble except that an osteoclast is a more imposing looking coll than an o«(co- 
blast 

All degrees of skeletal decalcification arc met wntli elinicall^ from the 
patient wath no bone thnngcto to the patient w ith pru I 1 C 11 II 5 complete lots 
of skeleton, dj mg of inabilitj to ruse lua thorax in respiration The carl} 
symptoms maj lie indefinite pains which too often are attnbntod to ' rheii 
matism”, “artlmtis”, or "iieuntis” Bone tenderness is a verj constant 
feature Surprising is the rapidit> with which it disappears after remov d 
of the tumor whereas it maj take monlLs for enough calcium to lie deposited 
to show bj \ raj This, feature is well illustrated in Mnndl’b hiitonc oa.se 
(192(j) of a Vionncso street car conductor lie states ' The prcM?nt illness 
began tiv e j ears, ago w ith a from daj to dav mere is-ing tirednees and feeling 
of pun in the pch u.and lower extremities Ihc pains were incrca-cd b\ i]| 
bodilj efforts sneezing, coughing, defecation, ct cetera In the couryj of 
months the buffering so inpreisod tint the patient had to Ik. p«lsioiio<I ” 
The p ilient w is suctcssfulU operated upon m Julv , 1925 (worH s fir»t para 
thv roid exploration!) and bv the end of August the pains m the evtremilies 
were rediiml to a mmiiniim 

All kinds of hone deformities of cour<-, occur 'riic^ mdmJc bending 
of (he long bones, deformities of the ptixis similar (0 tho.e socj, osteo- ^ 
malacm, and variou*. deformities of the xertebnu* (' h-li l)onev(rtebrie’'5 
crushed verlebne, and herniations of the nuclei piilpwi tliro„j,)j , 
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plates of the vertebrae — so-called "sclimorUchcs Knotchen”; see Pig 50 
p. 118 and F5g. 70, p. 141). A diaracteri^tic result of the \ crtcbnil changed 
is a decrea.<=e of stature, a '‘pigeon-breast" deformity of the cheat, and a 
disappearance of the neck into the thorax (sec Fig. 25). It must Iw saU, 
i'lotvever, that the bones in tht> diaeasc arc more brittle tkan in o^tcomalacix 
do that fractures rather than liending !•> the nilc. 



Fig 25. Captain CJiarlca MarlrJ), lijstorjc Pahcnl Rjtli CHteilu FiLro^a 
Cencratisata 

Note abort neck and pigeon breast deformitj due to collsp^d rertebrae. 

Perhaps it mil be of value ami interest to cite at this point a few excerpts 
from the liistorj* of DuBois’ now famous patient and mariner. Captain 
Charles Jlartcll flfannon, Shorr, SIcClelJan, ami DuBois (JMO); Bauer, 
Albright, and Aub (ID30),* and Bauer (1933)J “In IS'ovcmljer J0J8, "hen 
22 j ears old, heslippctl and felt a sharp sc% ere pain in lus right loin wlurb 
lasted one week. Three months later pains were felt in legs and hips and 
became more severe and extended upwards to the lumbar spine. Al»Mt 
July, 1919 a fellow ofbeer notcsl that he was growing shorter and UHOtning 
pigeon-breastcil. Tlic nerk shortened and thickened so that he liad to wear 
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larger collars Pams m the heels., 1^ and back ■were caused bj the jars 
of walking and conung downstairs ” 

Besides the bone sjanploms due to generalized decalcification are those 
due to bone tumors and cj sts Clmicall> , for the time being, these two 
must be discussed together Both legions bj x raj are charactenzed by an 
absence of bon> structure and hence are \erj similar in appearance, thej 
are both apt to be called ' ejsts" They gn e n«e to sy mptoms either by 
producing tumors or by causing pathological fractures It is distressing 
how often the sequence of e^ ents is appearance of a bone tumor, biops) , 
diagnosis of benign giant cell tumor, local treatment, and finallj recognition 
of generalized disease only jeara later Thus in Beck’s case (1928) the 
lower leg was amputated m the belief that the tumor was malignant Nine 
y cars later the correct diagnosis w as made and a parathyroid tumor w as re 
moacd Tumors occur in certain areas of predilection — notablj jaws, 
mctncarpals and metatarsals, and ends of long bones Se^ oral cases m the 
Massachusjtts General Hospital senes were picked up by the Dental De 
partment liereas c\ ery case of epulis is certainly not hj perparathj roid 

ism, this ilingnosis must be carefully considered m such a ca«e 

A Roenfgcnographtc Diagnosis of Osteitis Ftbrosa Ociicrahsata 
The rocntgonographic diagnosis of osteitis fibrosa gcneralisata offers little 
difficulty One looks for gencmlizcd decalcification AscMdenceofthisit 
IS often helpful to know whether or not the lamma dura is still \ I'sible around 
the teeth If it is not, the inference is that general decalcification is present 
(Strock (1941), SCO I ig 20] Especially chanjctenstic is the e\en ground 
glass appearance of the skull, which, in the authors’ capenence, is not met 
wath m anj other condition except renal osteitis fibrosa gcncrahsatu or renal 
rickets (tide infra) The thickness of the skull is not affected (sec Fig 27) 
One looks for cjsts and tumors Both of these appear on \ ra3's as cjsts 
rurthermore, an area of fibrosis where the bone trabeculae arc mostlj de 
strojed will aho appear cjstic The authors refer to these as "pseudo- 
ejsts” TIic correct interpretation of the underljing lesion in ■’ome cases 
must be deferred until after the bypcrparathi roidism has been cured, when 
the true cj’sts w ill remain ns cj sts and the *'pseudo-cj sts" and tumors w lU 
turn intosolid bone (pce Fig 53,p 113) A cortical "ej'st” is most sugges- 
tu c of hj^pcrparatlix roidi«m Tlie teeth fail to shownnj decalcification and 
therefore contrast markedly with the decalcified bones of the face (sec 
I ig 2CC) Tlic differential thagnows between osteitis fibroma gcncralisata 
and other bone di'cascs will be discussed below 

(2) Clinical 1 imhiig'* A'sociated with the Unnarx Tract 

The H\ mptomatologj associitid with the untiar> tract ma\ be diiided 
into three parts (A) tlmt due to hypcrcolnina and luTierphosphatuna, 
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while an mprea‘'C<l excretion of water, raon^anic b'l'ie, ahii chloride, similarlj 
with ce&‘'ation of hormone administration these sahie three substances 
arc witheld in the body (Albright, Bauer, Ropes, and Aub (1929),riI>worth 
and Nicliohon (1935)1 Almost all patients with hj perparathj roidism 
haxc a marked oliguria immcdiatelj following the successful rcmo\al of a 
pirathyroid adenomi In some instances it ma\ be sufficient to cau®e 
alami Thus, Snapper’s patwnt (1929) excreted two liters of urine daili 
befoic the operation, 800 CO on the da) of the operation, hut oiilj 150 cc on 
the dn^ after the operation, the N P N rising from 31 rag to 55 mg 
Because of the pol)una and poljdipMa, several cases of hj perparnth) - 
roidism have been faultily diagnosed as diabetes insipidus Tliere is, how- 
ever, another caUbe for poljnma m patients wnth h)’perparathj roidism, 
namely, tubular damage This may occurinassociationwithnephrocalcino 

bi3 (iit/e vifra), hut aKo without domonstmhle nephrocalcmosis b) x raj 
Case No 1 whicli follows illustrates this point and indicates that a certain 
degree of renal damage is rev ersible 

Case No 1 Iljporparathjroidism Simulating Diabetes Insipidus 
Secondarj Anemia 

Mrs r G (M G H 5^0), a spinster of 60, entered the 5retobohc Wonl m 
September toil for invest ignlion of her water buJanec nnd for venficntion of the 
diagnosis of h>i crparathiroidism 

1 ivojc us proviflusl), while at the Massachusetts and Lar Infirmarj for 
ft radieal mastoidcctomj, it had liceii noticed that she had ft large fluid intnki 
(4-7 liters daily), routine urine analjsis at Ihat time had been normal Two 
j ears previous!) she hiwl I een seen in the Out jiatienl Department eomplaimiiK 
of fatigue and slocpmcas At Ih it time she had had some nnUe edema a 1 food 
prissun of 160/100 mm of jnercury, a pbenosulphonphthalem cvcrelioii of 5 
per cent in 15 minutes with a total of 23 percent m the first hour, ami a homo 
globm of 8 4 gm jwr 100 cc 

She w as studied on tin Mnlicnl Service tw o months before the present ndmis 
Sion because of poljuna poJjdipsia.amlbypcrtcnsion (150/100nim ofmcrcur>) 
Sfudica rt veiled an inabdifj to concentrate Thus unnirj spicimcns taken at 
random showed specific gravities varying from 1 001 to I 010, repeated urine con 
ccntration tests including one in which the piitient rcceiveil 10 International 
Units of pituitnn resulted in graaitiea up to 1 010 only, cveept for one isolated 
reading of 1 014 The urine contained no albumin and the urinary sediment was 
normal, the urine pll vantd from 55 to 06 The serum non protein nitrogen 
and protein levels wire normal, the scrum COj content waa25 5 m eq per liter, 
the serum chloride 111 4 m cq per liter, the scrum calcium 12 4 and 12 3 mg jier 
100 cc , the serum phosphorus 2 i iind2 7 mg per 100 cc ,and the scrum alkalini 
phosphatase 1 Gaud 1 Ollodansky units The21 hour urinary calcium excretions 
while on n low cilcium intake were 01 mg 105 mg , and 02 mg , on thrtc sucres 
sivcd i\8 The rod count w as 3 G million and the hemoglobin 7 gm , llicsc valiiei 
respond! d to iron therapy Two phenolsulphonphthalein excretion Iwls shone 1 
Values essentially as previously \n intrnvenuux pyclogram rcvcalol normal 




Fig 27 Illustration to Contrast X roy Appearance of Different Tjpea of bkulls 
A — normal skull, B — thin moth eaten” skull of osteitis fibrosa generatisata (pt 
M G n 327943), C— thick, "moth eaten” skull of osteitis fibrosa gtneralisata (pt 
M G H 310023), D— thin, «e]l>calci6ed skull of osteogenesis imperfecta E— over 

eo 
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prawn fuzrj ekvill of I’ngct’s tliscase F—^lkull of multiple m>cloma peppered wjl\. 
sharply punched out areas (Note furthermore, in Paget s disease skull (B) transi 
tion from normal bone to Puget s disease, a — end of normal bone, b — tone of increased 
I one destruction c— beginning of overgrowth of bone 
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appearing kidneis prompt excretion of rather dilute d\c and a (iue«tjonable 
stone loi\ down in the course of the nght ureter 

Studies on the Metabolic Ward confirmed the previous findings except that 
the red count had risen to 5 & million and the hemoglobin to II gra The s^wcific 
gravitj of the urine x aried from 1 001 to 1 010 most values lieing 1 005 Kulnev 
function tests carried out bj Dr John H Talbott showed a glomerular filtration 
C2rca 50% of normal, a renal blood flow etrca 60% of normal and a maximum 
capacitj of the tubules to secrete diodrast ctrcn 66% of normal 

On November 7, 1941 Dr Oliver Cope removed a parath> roid adenoma One 
n eek later the serum calcium had fallen to JO 9 mg and the “enim phosphorus 
had ri«en to 3 6 mg per 100 cc 

The most intereoting question a as whether the inabditj to concentrate repre 
sented a structural tubular damage or a functional disorder resulting from the 
high parathj-roid hormone level if the former it should continue after the opera 
tion if the latter it should immediatelv disappear A unne concentration test 
earned out one week after the operation showed a specific gravitj of onh 1 OOG 
A second concentration test in which pituitnn was administered showed a gravity 
onb up to 1 012 Dr John Talbott repeated his tests after the operation with 
essentially the same findings The hemoglobin 23 dajs after operation had risen 
to 14 grams per 100 cc 

The patient a condition was re-evaluated one ) ear after the operation 5be 
still had hjpertensioQ (170/100 nm of mercur>) Her serum chemistry was 
normal except for a slight!} high chlon le level <111 m eq per liter) and a slightl} 
low COi content (24tQeq perliter) Herpleoolsulphonphtb^Ieiaexcfetionhsd 
ri<en to 2o per cent m 15 nunutes and 4a per cent m one hour She concentrated 
up to 1 OIS after receiving one half cc of •urgical pituitno Her hemoglobin 
was 15 and 14 1 gm per 100 cc 

In «ummar 3 , therefore, we hate a patjent t\jth proved pnmnrj hj^wr 
parathjTotdi«m without bone dtscqce, who developed hyperten ion anti 
definite renal impairment including marked hj-poslhenunn without tlemon 
«tnble nephroctlcinosis or proven nepbrohthnoi«r After the removal of 
the pirathiToid adenoma fhe showed unproved kidnc} function not 
immediately but at the end of one jevr Tlic patient al o had a secondary 
anemia which was partially relieved by m>n thenpy and which was tot lUy 
relieved by removal of the parathyroid adenoma 
>.ephroIithiasis is a common complication of hy perparathyToidism, it, or 
nephrocalcmosi*!, or both, occurred o2 times m the first (U ca'^ studied at 
lheAJas.aaebizSeff«GenejaJBD«)ajfaJ,DJ the Name senes of rises bone di ease 
occurred only 35 tunes 

Since the cau=e of the stones i" presumably the hy^ierc vicuna one would 
expect calcium phospliate and po siblj calcium oxalate stones Such ‘•ceins 
to be the case Since the ratio of calaum to pho phonis m tertiary c ilciuni 
pho'phate is 2 to 1, and since fhereisnopbosphonisni calcium ovilite one 
would anticipate a ratio of 2 I or greater in stonc^ from patients with 
hyp^n^''*''fhy‘Toidibm M here the cause of stones is an ilkaline unne, one 
would antiapate as ingredients of the stones not only calcium pho'-ph-vte 
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Fig 2S X raj Appcarnncc of Tjpical Kidney Stones 
(A) Oxalfttestcrncs nolcerjstallinesfruclurcaodtemJenrj tol oiriingular (I)) 
Three phosphate stones of same patient note characteristic nngformati )n and note 
that same rings occur in cich stone (O) Cjstine stones note ho/nogeneous structure 
andtendenej forsmillstoncstoamalgaraateintoIarKcrstones (D) Lncacidstone 
note that you see nothing! (F) OcaJsIc stones, the so called yschslone virielj 

bufc also magncimm ammonium pliosphate, thus, the ratio of calcium to 
phosphorus w ouUl be less than 2 1 and tl»c stone ould contain magnc^lum 
ns J\cll Actual analjsi® confirms the above speculations, except timt one 
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must rcmcntil)er that one ma\ hate the follomiii, scciuenie (a) Iisper 
panthj-TOKhsm (Ij) pure calcium pliospliale stones (,) infection (il) 
alkaline iinnc ami (c) a coatinR of the stones ii ith a miatiir of in isni-iiini 
ammonium pho^plnte and calcium plio ph ite 



Fig 20 PI otonucrographof Kidt c> Ti-wueof 1 Kat M el I[ailllceciv«tlanO\ r 
dosage of Pamtl jroi 1 r\trict 

Calcium casts can I c seen in tul ul« I lacksjHiisrei re* nt calcium deixtsiis (\ n 
K(v«sa s ata n) [From Ml ngJ t ai d Bloomlieiv (1 nn] 

It IS Ix-coming jncrcLjnglj important tliat llie cJirmi fr> of stoiu-s lie 
recognized in order that the correct medical treifmcnt nin be ippliis! 
This can frequently be done 1\ the \ riy nppe-innce Cnicimn oxihte 
stones ha\eu crv-vtallme stniclure with radiations fnm a ctnlMl point («a* 
Fig 2S) phosphate stones with or without magnesium grow msizol)\ cm 
centnc Ja\en» cystine stones are bomifjmenv'* and sometimes grow 1 \ 
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many smaller stones being fu'«d tt^ether, finallj, uric acid stones arc not 
disccmablc b> v ray Only phosplmte nnd cystine stones can be staghorn 
m stnicture There arc, of course, mixed stones such as a stone with an 
oxahte center and a phosphate cortex, the scciuence of e\ents in such a ca«e 
Is (I) ox'alafe stone, (2) unnaiy infection (3) 'ilkihne unne, and (4) phos- 
phate coating to the oxalate stone 

The passing of calcium phosphate oand is also a frequent sy mptom Tlic 
symptomatology secondary to the kidney stones will not be discussed 

A much more ccrious complication of hyperparathyroidism is the for 
mation of calcium deports m the collecting tubules of the kidney , — so 
railed nephrocalclno«l■^ In the authors cxpencncc the patients who lua\e 
nephrocalcmoMS usually do not ha\c nephrolithiasis and nee tersa The 
pathology of ncplirocalt-ino is apparently js a plugging of the tubules «ith 
calcium casts («ee Fig 29) In patients with this condition one not mfre 
quently *=063 calcium phosphate casts in the urinary ^imcnt These casts 
are not pathognomonic of hy perparithyroidtsm smee they occur commonly 
in any alkaline unne from a normal indu idual pronded that the unno con 
tains a large amount of calcium and phcK>phntc, such w oiild be the ca^j if the 
individual is a drml cr ' ThcMS casts disappear when the pH of the 
unne becomes more acid than G I (AIbnght and Bloomberg (1934)] 

(3) Clinical riiuhngs Due to Ilypcrcalccmi v Per Sc 

Just as hypocalcemia causes increased excitability of the nerve mu«cle 
apparatus and tetanv, so hypercalcemia cau'<-s decreased excitability 
This can bo demonstrated by the electrical reactions Thus, Harmon 
Shorr McClellan, and DuBois (1930) found decreased electncal reactions in 
their histone patient, about twice the amount of current being required to 
excite a nerve as normally The hypercalcemia manifests itself m tlie 
electrocardiogram by a shortening of the Q T mterv al (i e •'hort v entncuUr 
systole) although the length may still be witlun normal limits (IvelloggancI 
Kerr (193G), Graybiel and White (1041)] 

Many observers have been struck with the hypotonicity of the muscle^ 
This was e'pecnfly marked in the patient reported by Barr and Bulger 
(1930) («ee Fig 30), who could do contortionist tncks General muscular 
weakness is frequently present and is» presumably the subjective expression 
of the more objectiv e liyTiotonicity The lack of tone abo inv olv cs smooth 
mu clct, and leads to a v ancty of symiptoms mch as constipation, poor npi>c 
titc anil “o forth A <5cn«e of diymess m Uic nose and throat vvath difficulty 
in swallow mg has also been observed with hypercalcemia ("Wp 301) Our 
paticnt.M S (MGTI 32GS29), was very interesting as regimU these svanp 
toms It will bo recalled that she was the mametl woman of 40 who liad 
developed the swelling m the neck 14 years previous to admission, following 
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a mi^camage Since the sn elling sub««iuentl\ pro\ c<I t o be a panthj roid 
tumor, one is justified in estimating the duration of her illne-s a-, fourteen 
\eara At the time of the dcielqpment of the «HeIhDg«he noticed Jo of 
strength lo«a of appetite, lo» of tnentN pounds and constipation Thes^ 
four sj-mptornsn ere prompth reheaedba operation and the re toratioa of 
the isoparathjTOid state Tlius tno months after the operation «he was 
able to do herliouseiiork.u-bereasprenousl^ she bad been unable (o do any 



Fig 30 FatiCDt with ll^-pcrparalhyroidism and Nfarkod Hv-potonicity 
Note also tumefaction of left maailla iFrom Barr and Bulger (1030) withpcrmu 
s on from the American Journal of ll e Medical Science') 

norlv her appetite became excellent she garnet! 14 pounds and her bowels 
cea^od to require dail^ cathartics This "yime storj can be duplicatedin 
ca-e after ca®e 

The haTjercalcemia undoubtedh tweets other ncraous raechaniins 
Hunter and Turnbull (1931) ob ened increase in auditorv acuitt followang 
remotaJ of a parathjTOid fumor FurtJiennore patients not jnfrcqucntJi 
haae transient trouble focu mg their eAcs after the bjT>crparathjTOid 'tato 
has been replaced bj the i oparatharoid state 
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^\alsh and Howard (1947) lia\e called attention to calcium deposit's in 
the cj es in patients m itli hypercalcemia, a\ bother due to a itamm D poioon 
mg Inperparithjroidisra or other causes such as ‘■artoid or the sjaidrome 
associated vrith c\cesM\emilk and all ah intake (see page 98) Tosco the 
crystals a slit lamp must be U'Ctl The deposits octair in the deep con 
junctn a of the palpebral fissure thc> ma> regress v. hen the h} percalccmia 
is corrected Cogan (1047) able to confirm this finding at the Massa 
chu'etts General Ho pital 

Another lesion ‘ hand keratitis was found bv Cogan (1047) aKo to be 
associated with hjpercakemn Tlu^ same lesion was prc«cnt m ‘^\eral of 
the cases studied hj 41 aWi and Howard (1947) Xhe deposits arc m the 
superficial lajcrs of the penpherj of the cornea aticl arc mo&t marked at the 
palpebral fi sures In tlie later ‘«tages ihej can be seen by the naked ej c 

(4) Hyperparat!i>roKh''m and Hematopoietic Function 

In hjporparatlijroidi^m uith lx>ne-disea«e where there is marked fibrosis 
of the bone marrow one would expect an anemia md a loucopenia Such 
19 the case Dr Charles H DuToit made a sur\c} of the 4fassacliusctts 
General Hospital cases and concluded that anemia was also frequent m the 
presence of complicating renal di ca«c He nho found cases with marked 
bone disease witiiout anemia The anemia ma> respond to iron («oeCasc 
No 1) 

(i>) Primary IHporiiarathjroidi m 4\ithoul Bone Disease 

As discussed under Pathologic Phjsiotc^ (see page 23) there is a 
difTcrcnce of opinion as to the cause of the bone disease m loperparatbj 
roidism It IS a fact howcacr that one mav ha\ e pc\ ere hj perparathj 
roidiim and show no clinical, roentgenological or histological e\idcnpe of 
bone di ease [Albright, Sulkowitch and Bloomlierg (1937)) Diosc who 
believe that the hormone acta directly on bone tissue would probablj argue 
that such cases either are of short duration or that some c\ idencc of bone 
disease would base been found bad one biop«icd the right lione tissue (eg 
trabeculae on the inside of the bone plmft rather than the cortex) This is 
not the authors’ inlcniretation In their opinion hypcrparath>roidism 
brings about a change in the blood chemistiy of the bodj which rciiilts in 
there being an increased excretion of calruim in the urmo Other things 
being equal thcs inercase-j the chances of the patient fieing in negatn c cid 
emm balance If the patient is m negatne calcium balance bone disease 
dc\ clops if the patient happens to mge^t snfUciont calcium to comiwnsate 
for the lo s m the urine and fetes the calcium balance la not negatne and 
bone di ease docs not do^clop (see Fig 11, p 2j) lor all practical 
purpacs, it usually comes down to whether or not the patient drinks milk 
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If he does the calcium intake wUl be sufficient to keep a positn e calcium 
balance e\ en if he has marked hyperparathj roidism 
It might be argued that hjperparath>roidisra causes bone destruction 
and that those patients on a high calcium intake are able to balance this 



Fig 31 Metabolic Data on C M (MG II 275SOO) to Shon FfTeet of Calcium In 
take on Calcium Balaucca in n>'p<‘rparatbyroidi<m 

For construction of chart see Appendix p 309 Aole that serum raJcjuni is \cry 
aigh etrea 14 mg , during entire experiment and la not infiuenced by negatnc para 
thjTOid explorations I^ote that the calcium excretion in the urine is xerj high and 
by and large does not fluctuate materially nith changes in calcium intake tMien 
calcium intake is high patient is in a strontly positive calcium balance vrhen calcium 
intake is low, patient is in a negative calcium balance Note in the sixth metabolic 
period that the calcium intake nasbetweenOSandO €6 gm /day and the calcium out 
put was approximately the same therefore 0 G to 1 0 gm of calcium per day in the 
axilakc (s c abwatotw of wwlk.^v.ouUl have kept tbw patient itiposiUxecalcium. 
balance (From Albright (1947a), data recharled from Bauer, Mbnght and Aub 
(1930)] 

destruction with new bone formation This is not the case because, if it 
were, one would see exidencc of bone destruction and bone formation m 
bone biopsies Furthermore the phosphata<=:e lead, which is an index of 
bone formation (see p G), would be mcrea'wl, xihicb it is not Tlie phos 
phatase let el, therefore, is an index not of the degree of hj perp inithj roid 
ism but merely of the degree of bone disease 



(V) 


(m 


(C) 


^ \ Ifa} FjJms of SJ,i Jl *.|o i g Inrn f ]l np J)o «iit\ 1 1 Ihjterji-tn 
tl i rnid IS a llo<« It of Ihgl Calcium I)i t 

UticitN H (MOH UltM) (\)Jul>2S UTO {B)Octoler4 1010 an I (C) 
Scptcnbcr‘’0 101^ {From VIbngft ll.iinl Cope and Bloomlwrg 
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Fig 31 Is \erj apropos of prcsint di'.eits.Mon It show-v calcium meta 
bolic data on Captain Cliarlcs MartcU It « ill be noted lint ha and I »r?:c 
the calcium excretion in the unne remained fnirU con--tant in spile of the 
marked fluctuations in the calimm mtakc and tlial he «as m a po-itne 
calcium balancewhenhis calcium intakeuasalx)\cOGtol Ogm of calcium 
per dax ^\^len one remembers that a quart of milk contains alxiut one 
gram of calcium, it w ill be seen that a patient \nth » x crx marked degree of 
lij pcrparathxToidi m «uch as he had can readilx l*e kept in calcium balance 
\ further ailment in fax or of the authors’ point of x icw the fact tlial the 
bone disease in hjperparathxroidism can lie made to ngn>s with diet alone 
while the underix mg degree of hvpcrparalbx rotdum remains the same ('ce 
Fig 32) 

Tlie folloxxang ca^e illustrates the points junI discussed 

Case "No 2 IIxTierparatlnroidi'm due to Idiopithic llxpcrlrtpln of 
All Four Parathxroid Glands With Xcphrohlhiasis but ttithout Bone 
Di-^ase 

P (M 0 II 3404o7) a sincte Finnish chauffeur of t'l cnlcrwl t1 c htwpital 
October 4 1034 because of attacks of naht «i IcI pain Hciropn Ic pjrlop-am 
shoned a right ureteral stooe He ha I lo«t 4S pounds li> diet anil exmif id 
the past tnoxears I’losical examinatioo nas cs^cntiaU) normal Tlcstnne 
was removed on Octo!>er C 1911 

\s with alt patients who Iiaxe a kidnex stone serum calcium an i 1 1 o*i I arua 
determinations were done and fouii J lo 11 3 and 2-1 me jier lOO ee rr«pec 
tixel> These figures « ere decked «l I2»ai I26me i>erlllOce aod again at 
130anl30mg pcrlOOce nndlefi nodoubt that il apalient had I xperparalh) 
roidiam of a fairh marked degree Itoentgenoprams faded to at u increavsj 
ra liabilit) of the skeleton and He serum plit*«pliata.«e lead was iionnal (3 7 lo 
3 0 Bodanskx units) 

OnOctolier2r 1931 Dr 01i>rrCoi*eperf« rme lasul totalparatf \roi Jeelomv, 
tihial 1 lo] av lioing taken nt tie same time T1 e parutl a rmda were all enormous 
f S gm of tissue beingremoxed fig Slshows tie j arall \roi 1 tissue remoxwl 
>ig 31 V and 31 n show low and high power pliotomicrogrtpl aof tl e t dual I ojsy 
on this patient II will be noted th it tie cortea was xerj thick ai I showed ro 
raref letion Mo«t inifiortant of all lowexer was the fact ll at higl power 
there were no oatcoclasts and no fil rosia )u<Jt fat cells an 1 inaelix itj (eon { arc 
hig 31B with Fig 51 \ p 110) 

This patient made an uneventful reeo\er> an 1 hasremaine I well ever since 
(G) Clinical Tx pci of Primar} Hvpcrparathjroiili-m 

From the prex ions di-cits ion it is «b\ lotw tluat one r-m th\ itlo ca'« of 
h\ iicrparathx roich m into the follow ingpixniin 

( \) ^\ till bone (li'oas? anti without kidnex tlM-i'e 

(B) ith bone di'C !=« and with kidnex di'Oa'c 

(C) ^\ itnout bone dr«e‘i'e nnd with kidnex <ii«eui' 

(D) \\ ithout bone di'ca^c and without knlnej th-caae 
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Of the first 64 proved cases of the Massachusetts General Hospital series 
there ere in group (A) 11 cases.in group (B) 24 cases, in group (C) 28 cases, 
and in group (D) 1 cn=c Tlie'e figures* surest that kidney disease is more 
common than bone disease It has been the cvpericnce of the authors and 
their colleagues that about five per cent of all patients with kidney stones 
in Boston have an underijnng hj'perparath5To«di5m as its cause. 



I'lg 33 I’hoiogrtph of I’lratbyroitl Tissue Reino\’ctl at Operation on Patient 
340157 with II>'pcrparal}i>TO!clism due to Parathjroid II)i>ertroi>lj> 

Area Inclosed bj dotted line at upper pole of lower right paralhj roid gland repre 
sents amount of gland tissue left in *ttu Centimeter rule at bottom indicates enor 
Clous stre of glands. (From Albright, Sufioniteh, natl Bloomberg (I937)( 


One further word might, perhnp't, lie said almut group (D). If one can 
Imehi'perparathyroidiiin without bone disease and with kidney dirca'sc or 
without kidney di^-eoscand with boncdiscui^, it is apparent tliat ra«cs will 
occur tnthoul bone disease and without kidney disease. TIkm* cases may 
a crj' w cU be mi^e^abIe becau<5C of the gjTnptoms due to hypercalcemia jicr 
sc (vide supra). The authors have seen one such case up to 1017 in a scries 


<2 Till: PMUTinnojD clvnds and m^tmiouc iiov> oisf \«»i, 

of S 3 pro\ ed ea.«es The irp<hl for di ipijfr.ing this c-ivo ptx s to Dr S H 
Imof Peiping China ^^hoscRt the pitiint to PMon for (iKTitnn 



tig 3t Pt oloni crogripi s from n<M c Ilioj 9> to Demo ■<fritc \1 •<enee t II «lo 
1 ig cni F ^ idence of Hone D sense in Cast of Mnrke I lU jx’r| nrntl \ti I • i 

A low power B— lighjower Nolee m| letc d «< nre i f eni ntiz >ti n(V)ftf>Iof 
( ste I lastic an 1 osteoclast c tc|ivtl> (It) (>om} rt will e n ilnr I ) «v c ( { nt t 
with I oned «easc{?co Fig 51 \) (I atiei t M C II JIOIj ) (From \!1 ngl t '‘uUo 
w ich an I Hlooml>org (Ul3"tJ 

(E) Dia^tiC’ns of /’/TATiTfy Ilr/pcrporalf f/rot Uffn 
Once the dwgnosjs of h} perpanithi roidinm hns hot n sjispfn trti {jeriu-e of 
the finding of a c demm stone oricrtun Iwne chaiigi's or Ix'c lu c < f cert nn 
svmptoms suggt tinglijporcnlccmii itsconfirm'ition m mot m tan t-s de- 
pends on the finding of j high ••enim nUmmleteJ (o iplci) witlml ) \ “ nim 
piio>phoms let cl If tlie patient hns a marked d( gnt* < f tin ill's i-s ll e- 
\ allies will 1)0 svifficienth nbnormil ^ tint otht r di igm»>tii pr stsl irr^ are 
•'Uixrfiuou lo lie sure there are other tTn-t-- f »r lit jvn dci mu wl h 

will Ixj dLcu-MHl under DifT<nntial DngnoMs of Primart lltp nnmthj- 
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roulism’ (bpe p 81) But these «5cldom offer (hflicuUica as it is most un 
usual to ha\e the hypercalcemia coupled with hvpopho^phatcmia In \ery 
rai e instances of mill tiple mj cloma or metastatie mahgnancj , how e\ cr one 
will hnd lupcrcalcemii with hjpophospliatemia, hut there one will find 
other diffcrcntnl points (iiile xnfm) 

It should be emphasized agun that the serum phospliata^e le\el is not a 
test w Inch «hould be u«ed in determining \\ hether or not a patient has h j^per 
parathyroiflism since itskr ol laper/ccth norma! if the h^Twrp irathj roidism 
is not (issoented witli hone disca'm Tlie lost should onij be u ed in do 
tei-minuig the degree of bone cli-bcaMJ once the diagnoM*. has been estabh lied 

10 be sure if one has a pitientwith marked bone di'en'sc as shown b> \ ra> 
and tlic scrum phosphatase lc\el is not elevated one is prett> sifc m niling 
out h>perpirathjroidism as a cau e of the bone di ease 

1 lie bulkow itch reagent (sec page 302) is. \ trj useful as a rough liodsule 
test to determine w hether h> pertalcuna is present or not For evample, if 
a patient has a kidney stone of unknown ctiolog> it is of interest to perform 
this tc St if there is \ erj hltlc calcium m the unno h> perparathj roidi m is 
\cr\ unhkelv and one will piohably lie content with one normal serum e il 
cuim and pho>'phorus determination m nihng the condition out Howes or 
if the uiinc tests show large amounts of calcium ropeatedlj then one has to 
ho acrj cautious about nilmg out hypcrparxtlisroidi m t\en if (he first 
calcium and phcHpharui. le\eN arc within normal limits (iidc tnfra) 

It IS ob\ lous from the natuie of h> porpamthv roidism that there w ill lie 
e ISPS ranging from n m irked degree of the di'^ I'O all the way down to the 
nornnl state Jhe Je^> the degree of hjperpantlivroidism the Jess tlie 
elicmical findings will deviate from the normal and the more difliciilt the 
dngno !«, will !«• One is often a«!kcd Iiow high the serum calcium level 
must Ik* before one considers hj pcrparallijToidihm This of course is 
impo Slide to state In some instances one considers the diagnosis even 
with a normal scrum calcium value It must Ik* rcmcmliercd that if one 
giv es p irathv roid evtr let to a normal mdiv idual one can double the calcium 
evcntion in the unne without apprccnbly altering the blood values In 
1 ig 35 the average pro operative scrum calcium values on the first thirtv 
five patients of the Mashacluisclts General Hospital senes with hvporpara 
thjroidi m proved bj operation arc plotted m order of increasing calcium 
values It willbct-ocn Hut nine patientsliadavengepenim calcium values 
below 12 mg and one prtient had an average Kirum calcium value liclow 

11 mg 

In this group of patients where small elevations m the scrum calcium level 
are signifitanl the '•crum protein determination Ikkoiihs of the utmost im 
portaiice (-ck di cushion above under ‘State of Calcium m '^cnim , p 7) 

It will l»e remembered (Imt the amount of ionized talcium doponiU^ufciOiU:.. 
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degree of h\'pcrpnrathj roidt-^m, uhile the nmount of cilcium Iwund to 
protein i& a ftmcfion of the amount of protein vt well as of the amount of 
ionized calcium It is apparent, therefore, th it the ionized calcium mas be 
slightl> high due to a mild degree of ha pcrparatln roidi'.m and j ct, if at the 
same time the patient lias a loa\ vcnim protein le\ el the calcium hound to 
protein mil be low so that the net result mav be that the total calcium w 
normal It, therefore, becomes necos5&.tia in instances where the scrum 
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CASE nUUBER 

Fig 35 tverage Pre-operative &niin Calcium t allies on First 35 Patients with 
fIyperparathjToidi’'m of Massachusetts Ccneral Ho'pUal ‘^rics 
[Irom Mbnght, SulKowileh and I)looml>erg (1J37JI 


protein IS low to mahe an allowance m the total scrum calcium taluc for 
wliat the aalucA\ould ha\e becnliad thc«crum protein been normal T1‘W 
can ea«ib be done from the linear chart puhhshctl hj Mcl^an and Hostings 
(1035) (sec Fig 3, p 8) 

Since the calcium excretion m a patient on a low calcium diet ina' 
increa‘<j 100 per cent on the administration of parathjroid extract without 
an appreciable change in the ectuhi cahaum level, it is obvious that in t ic 
diagnosis of cases in th a a era mild deerw? of })> jicrparatbi roidism it w ill w 
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useful to make accurate determinations of the unnaty calcium evcretion 
under standard conditions Furthennore, a lm\ serum protein le^el i\iU 
not influence the uiinarj calcium excretion since the latter depends on the 
lomztd rather than on the total calcium le\el of the ««?rum • In order to 
obtain urinary calcium-cxcretion data, it is of course, necessary tliat one 
foiIo^\ some standard procedure Tlie authors have their patients take a 
neutral ash lou calcium dictf for one v\ eek and collect a 24 hour urine speci 
men One would obtain, of coursj, higher unnarj calcium excretions u ith 
bedridden patients (see discussion under * Osteoporosis from Disuse”, p 
147) Although the authors have not very many data from normal indi 
viduals on this regimen, thev consider a urinary calcium excretion of 160 mg 
per day us suggestively high, and one of 200 mg or more per daj as 
tmctlj high Of course, whether the information obtained in tlus way will 
establish the diagno-^is will dcjiend on the clinical picture as a whole As m 
most other diseases no one laboratorj finding absolutelj makes the 
diagnosis 

• It must be staled ho«e%’er, that the urinar> calcium cvcrction is low in nephro 
813 [Cmerson and Beckman <1015)1 

t The diet ured by Ow authors is as foHons 

Dreak/aal Orange juice — I small glm 

Cooked fariin or rice— J cup after looking 

4 Unceda biscuits 

Olcomargarino 

3 attipa of crisp I aeon 
Coffee or tea 

Salt and sugar 

Aoon I^ean meat— medium sued serving 
I’otatoc— 1 medium sued 
>>hile corn — J cup 

4 Unceda biscuits 
Oleomargarine 

Vpiilesauce — } cuji— or X medium sized apple 
Tea salt and jiepper sugar 
CJ]]c)>cn — 1 medium serving 
Macaroni — } cup (cooked) 

Canned tomaia — ^ cup 
4 Unceda biscuits 
Oleomargarine 
Banana— 1 medium sized 
Tci or coffee 
Salt, pepper sugar 

AVf< Lsooleomargarinenndsugargcnerously tokccpupwoight Ab 

solutob nol uttpr,imlk,clicc«o orcream Thisdielcontainsap 
proximatcl> 0 137 grama of cnlrium Cautionmuatbccxcrciicdto 
a\ 0 )d cereals and olcomorganre which hate been fortiGc 1 with 
additional calcium 
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Tlie foJlourng cose abstract cmpliastzo some of tlie points winch Imo 
been discussed in regard to the dngntteis of h}pcrparath\roidi>m m 
patients wnth a minimal degree of the di'oa«c 

Ca'icNo 3 Hypcrpanlhjroidism of lIiUDcsrcc Without Bone l)jsi-r*o 
but With Nephrolithiasis 

E B,(\rGII 3(5560) nmamed woman of came to (ho clinic on Febnitr\ 
21. 1936 because of bilalcml knlncj stonea Her firat a>Tnptomsof nephrolithii 
ei3 bad deicJopcd in 1032 and a stone had iteen removed from the riubt kidne^ in 



Tig 36 Pholomicrograpli of PamthjTOicl Tumor in Ca«e No 3 
Note that a large pedicle of normal parath>ToiO tissue is still intact (on tlie l< ft) 
Note colloid in tumor, which might suggest thyroid tissue to nn inexpertenced pithol 
ogist Tumor measured 1 1 by 0 6 b> 03 cm (From llhnght, Siilkowitch, and 
Bloomberg (1937)1 


1033 She had taken large amounts of milk so it was not surprising that there 
were no bone symptoms Physical caaminalion w as non contrilmtory Roent 
gpnogrania showed multiple, Inlateral renal calculi and normal appearing bone 
Urine showed large amounts of calcium, no albumin, no baclcna (tterilc 
cultures), a few red colls, but no white ccKs The stones in (he right kidney , 
which were causing considerable pain, were remo\ed on March 4 1936 
The serum calcium values, wjtb possibly two PAreplions, were within normal 
limits, the scrum inorganic phosphorus level was persistenth low (eirta 2 5 mg 
per 100 cr ), the serum pbospbatasc lead was normal (r/ no bone disease) 

The presence of a normal scrum calcium with a low strum pho*ph inn. of 
course, suggested hyperparathyroidism with a low serum protein, the latter de 
termination was accordingly doneandfound tol>e3 Ogni percent Itns*f><}ni 
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that if one corrected the serum ca)ciam\alusc to what thej would have been had 
the serum protein level been normal one obtained instead of 10 3 and 10 S mg , 
11 0 and 12 0 mg per 100 cc The corrected values were highlj suggestive of 
hjperp iratbjTonhsm In addition the patient excrclcd 203 and 222 mg of cal 
cium ptr 24 hour period while on the low calcium diet Furthermore the stones 
were found to consist I irgelj of calcium phosphate and no other cause for stones 
was found— no obstruction — no infection A diagnosis of mild hjperjiarath) 
roidism was accordingly made 

On March 23 1930 Jlr Edward D Churchill removed a small adenoma jn the 
left lowcrparathjroid (1 1 by 0 Cby 03cm ) (sec hig 36) Following the opera 
tion tl e serum phosphorus level rose to4 2 and 3 C mg per 100 cc and the patient 
had no further stone formation 

This C'V'ic IS tn excellent example of the importance of the * 5011111:1 protein 
determination, it illustrite** furthermore, the value of unnarj calcium 
dotcrmm'itions is confirmatory evidence 

(F) Parathyroid Poisoning 

By pirathyioid poisoning” IS meant a fcort of hy porliv perpirathy roid 
Ism If one administers parathyroid extract m large quantities to dogs 
death will occur in two or three davs preceded In anuna and retention of 
mtrogenou*' products (Collip (1920)1 and at autopsy there will be calcium 
dopo'itsmmany tivsuos notaldy thealvcoh of the lungs the mucous mem 
limncs of the stomach, the thyroid, and the Kidneys jHueper (1027)] (see 
Iig 37) Thefccquonceofeventslcadmguptodeathmay bcasfollows an 
increasing high serum calcium value, in«pissation of the bloovl dependent 
on tbohy^jercahemjj, 1 n'^nhmg acoie Saduro of Kidney fiJlratJon rapidly 
rising «orum pliosphoru** and non protein nitrogen lev els the combination at 
the same time of a higii serum cilcium and a high ‘lorum phosphorus level 
precipitation of calcium phosphate into the tissues and dicmicaJ death 
Grollmin (1927) in fact his «hovvn that nl high levels of ‘:crum calcium 
(eircn 18 Omg ) phosphate is no longer 100 percent filterable Precipitation 
is cxjpocially apt ta occur wherever there i Jocilized nlKa!o«i» Ihiv one 
would expect m any orgin which is excreting acid thus is explained tlie pro 
cipitation of calcium pho'iphatc m the lung**, the stomach, and the Kidney a 
which excrete carhoiiic acid, hvcirochloncactd, and phosphoric and vinous 
organic acids, respectively ^\ln eahuim «hould iil«o be dcpoiitcd in the 
thyroid IS f ir from clear Uhe end result, which 'V irchow designated ‘‘cil 
enim mctasta^-cs i> not confined to parathyroid poi'Oning hut is met in any 
condition where the ‘^emm contains c\ce«sive amounts of calcium and phew 
phonis notablv chronic ren d insuflicienev with phosphate retention, vita 
mm D poi'-oning ('*ce p 9 >), and metastatic di'-cavi' of the Imnes 

Patients w ith liv perpamthv roidixm seldom hav e such a degree of tlic dis 
ease that there ix much danger of tlieir developing parathyroid poixoning 
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About 17 mg por 100 cc is the cnticallevcl of serum calcium aboNC i\hicb 
poisoniDg JS to be feared Aca'sclustoo reportetlbj Dau'^onandStruthers 
(1923) IS probably an example of acute parathxToid poi«oning due to a para 
thjToid tumor The patient a fortj nine jear old laborer whofor<!e\enl 
years had had sjTnptoms referable to his skeleton was ■'cized w ith a heart 
attack and taken to the hospital m a state of collapse He was too ill to 
gi% e an account of himself and died suddenly the follow ing morning without 
any precise conclusion as to the cauisc of the collap&e ha\ mg been am\ ed at 
\utopsj re\ ealed osteitis fibrosa generalisata m an earlv stage a parathj 
roid adenoma one inch m length and calcium deposits in all the internal 
organs notably the internal elastic lamina of the arteries the heart wall the 
lungs stomach and kidneys There seems no question but that this 
patient w as suffering from parathyroid poisoning w hich caused a chemical 
death Similar ca'^es were reported more recently by Oli\er(1939) Hanes 
(1939) and Smith and Cooke (1940) 

The importance of parathyroid poisoning from a clinical point of % lew has 
to do w ith Its prci ention If the serum calcium Im cl in a piticnt is neir the 
critical level a slight increase may precipitate parathyroid poisoning It 
may so happen that the giung of a high calcium diet would make the differ 
once In the authors opinion a patient with 8C\ ere hyiicrparathyroidiam 
should be kept on a low calcium intake for this reason One s first impul«c 
if the patient lias marked bone disca«« max be to order a high calcium diet 
this may be fatal The authors rather beliexc that somt. of the patients 
w ith by perpanthy roidism m other clinics w ho hax e died under rather my s 
tenous circumstances shortly after entenng the ho pital max haxc lud 
parathy roid poi-sonmg No patient ns yet of the Ma'^achu'otts General 
Hospital senes has dex eloped fatal parathyroid poisoning although one 
patient who x\as referred to the hospital from another dime probably had 
the first stages of this condition brought on by a high milk intake He 
entered the hospital wnth ri«<ing scrum non protein nitrogen and phosphorus 
lex da and a falling scrum calcium lexcl A low calcium diet and mtra 
xenous saline medication xxere immediately started and the patient 
sun. ix ed 

The danger signals xshich suggest the onoct of parathy roid poisoning are 
riaing serum phosphorus and non protein nitrogen lex els and a sharp fall in 
the urinary x olumc Hanes (1939) reported the ca.se history of a w oman of 
19 y cars w ho had Ind a long history of urinary complaints and w ho had dofi 
into ncplirocalcinosi'' On the fourth day after admission her vinim cal 
cium was 20 0 mg and her 'onim phosphorus 4 7 mg per 100 cc on the 
seventh day the corresponding i dues were 22 0 mg and 4 8 mg re«pec 
1 1 \ ely and her plasma non protein nitrogen lex el w as 5S mg per 1 00 cc A 
oarathyroid exploration was echeduled but xrns postponed bcc.iu«o the 
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patient rather suddenly de\ eloped marked weakness and a slight tempera 
ture She died quite unexpectedly Autopsy revealed be&idcs a large 
parathyroid tumor, nephrocalcinosis, mde spread necrosis and calcification 
of the connectiv e tissue, and calcium deposits in the stomach and lungs 
Hanes attributes the changes m parathyroid poisoning to tissue necrosis 
rather than to a primary deposition of talcmm, the authors are inchincd to 
behev e that necrosis is secondaij to calcium deposition 

SlielliDg (1935) explains parathyroid poisoning in a somenhat different 
waj from that discussed above He emphasizes the diurc>*i& caused bj the 
parathjTOid hormone and thinks that the acute kidnej shut down asso 
ciatcd w ith parathj roid poisoning is due to dchj dration Tor therapj lie 
advocates intravenous saline 

(G) Differential Diagnosis of Primary Jlijperparalhyroidism 

The discussion m this section vmII be confined to (a) other bone di'^eascs 
which might be mistaken for hyperparathyroidism and (b) other causes for 
hy pcrcalccmia 

A bone disoa«c to be the result of hyperparotliyroidism roust be general 
izcd A metabolic disorder, by and large cannot produce a spotty chs 
order, it cannot affect ah the bones of ono limb and miss those of the other 
cntirclj , it should not stop at the midlmc However, whereas the funda 
mental lesion — decalcification m the case of hy porparathyToidism— may be 
generalized it is perfectly possible for «!ccondary lesions — cysts and 
tumora— to be locahied Under such circumstances the superficial 
observer may have Jirs attention called to flic secondary lesions and miss 
the less conspicuous but more fundamental underlying generalized Icoion 
(‘'cc Pig 38) rurthermore, by ‘ Rcncralizcd” the authors mean inv olv mg 
one hundred per cent of the “kelclon Tbu«!, the lesions of Paget’s disease 
the authors consider as localized (see p 284) Paget’s disease may be v cry 
widespread and involve 95 per cent of the skeleton, the remaining 5 per 
cent, however, will be normal and there will be a sharp line of demarcation 

of demarcation between abnormal ant! normal bone, the condition therefore not 
being a gencrafued bone disease ii> b> definition n focafirerf 6ono cfiscase the 
authors have Patet s disease mmind ^represents a generalised bone disease m spite 
of the fact that certain bones aro not involved it is considered gcficralized because 
tl ere is arhjme and a reason to U»e involvement, thus there is a predilection for tl e 
spine and pelvis while the skull and certain otfer bones eseape tl e authors hive 
osteoporosis in mind f represents a gcneralued bom. diseise idthough the cisual 
observer might have his e^c attracted b} the areas of marked bone<Jise3seln thejnn 
at the upper end of ihoright femur and at tbe upper end of the left humerus and miss 
the gcncranroddecalcificafioQ, the authors htvc osteitis fibrosa RcDcrabsala in mini 
here, where there is generalized decalcification oficn together with superimposed 
cj-sts and tumors 
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between the normal and the abnormal This is strong c\idence against 
its being ft metabolic disease On tlie other hand, in senile osteoporosis 
(see p IC2), which the autliors consider a metabolic disease and iieiico 
generalized, large portions of skeleton ma> escape m\ oh ement (sec Fig 38) 
Hon ever, there one finds a rh} me and a rea'son n hich goi erns w hich are is 
arc imohed Thus, tliat condition lias a predilection for the spine and 
pehns, the extremities arc m^ol\ed to a less extent, the skull is almost 
neier involved 

(I) Demineralization due to Metabolic Bone Disease 
A Osteoporosis 

This condition v\il! be discussed exlensi\cl> in Chapter G (sec p 1-15) 
For its pathologic physiology m relation to other metabolic bone disease, 
see discussion under “Pathologic Physiology of Osteoporosis, Osteomalacia, 
and Osteitis Fibrosa Generahsata”, p 141 
Osteoporosis has many causes, commonest of which are (1) post-mono 
pausal state, (2) old age, and (3) Cushing’s syndrome 
In osteoporosis the scrum calcium and phosphorus values, with one 
important exception which will be discussed below (sec p 84), are norma! 
Since there is considerable evidence that the scrum phcwplvita'ic level in 
the absence of hi or disease is on ind&x to oileobl'istic activity (see p 0) 
and since the fundamental disorder m osteoporosis is hjpofimction of the 

leaving body by kitlney or other cxita L— syringe obtaining scrum for analysis, M— 
blood values (n “ normal, -b — high — • low) 

Diagram A Note that calcium and phosphorus going into bone equals that coming 
out of hone, that part of that which comes out goes back m 

Diagram H Xote decrease in bone mass (Di) due to primary hypoplasia of ostco 
blasts (III) with resulting decreased deposition of osteoid (h) and decreased calcium 
uud phosphorus deposition (Gi) Xotc also increased calcium and plioaphorus Caere 
tion (Kt) because of less calcium being deposited in the bone, note also normal blood 
values (Ml) 

Diagram C Note decreased bone mass (Dj) resulting from mabdity of calcium to 
be deposited m osteoid tissue (G ) bec3U«c of abnormal blood hiidines (M,) with 
resulting wide osteoid scams (Ii) and an increased activity of o'teoWasfs (II ) The 
condition is usually due to faulty calcium absorption (Jj) 

Dia^ain D Note increased calcium and phosphorus excretion in urine (Ki) lead 
mg to increased bone resorption (P,) with an increased numlwr of osteoclasts (Ft) 
and resulting in decreased bone mass (D,) , which m turn necessitates increased bone 
formation with increa«cd numiKr of osteoblasts (If*) liispiteof the fact that scrum 
phosphorus is low (M, ), serum calcium lasaflicicntly high (Mi) so that calcium can be 
deposited in newly formed osteoid (I,) and calcium deposition is therefore increased 
(Cm) 

(1 rom Albright, Smith, and Ilichordson (1911), Reifenstcin and Albnghl (I91t), 
and vVlbright (1917a)] 
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osteoblasts, one ■^^ould expect normal or low phosphatase IrxeU m tins 
di'case Such is the case The calcium cvcrction in the unne nn> be 
markedlj increased in the carl> stages when it maj gi%e ns, to kidnc> 
complications, in the later stages of the disease it is normal or docmaseil 
riie reason for the increased calcium e«retioR m thcearlj 'tage^ e? prohahh 
the following Vormallj «omc of the calcium and phcfcsphont> whith 
IS «ct free bj the procc&a of bone re*^rption is U'cd again for lione fonnation 
It follows that anj curtailment of this latter process will mcrea'C the nl 
cuim and pho^phoni-j excretion in the unne (‘soe Fig 30) However once 
the skeleton lias become v cr> depicted the calcium and pho^phonis dew nl 
from bone resorption mil be x co «mall ex cn though the amount of «M)rp 
lion taking place per unit of skeleton remains constant W hen this *itua 
tion has arisen, the unnarx calcium and phosphorus excretion will l« 
normal or ex cn low Hence, the h> pcrcalcuna and the h> perphosphaturu 
disappear after the skeleton becomes deminorahicd m osteoporosis m 
contndistinction to hx perparathj roidism, where thej peivi t regard 
less of the degree of decalcification 

\s sijgg^^ted m Fig 3S the distribution of the lesions in mctaliohc forms 
of o tcoporo^ia n quite distmguuhmg It should lie romcmborerl that the 
skull Is almost nex ( r m\ oh cd whereas it is one of the fiM parts to lieeome 
atTected m hx'perparathxroidism almost the onh exception to this rule in 
tlic authors’ experience occurs m ‘cxcrc ca«cs of Cu hmg s sx ndrome It 
Is often ca*ior to getsati factor x raxsof the ‘kull tlian tohaxo tho n w 
sarx extrcmclj accurate blood chemical determination earrwxl out llic 
lamina dura likewise is «eldom absent m o«teoporo«is Furthcmiore 
m osteoporosis one does not find c^sts and tumors merelj demineraliaition 
and deformities or fractures 

I Oslfoporofts Ae^toUd talk llyptrealeemia in Chldhocd It was 
stated nboxc that there h one important exception to the assertion tliat the 
senim calcium and pho'phorus values are normal in osteoporosis Tlus 
exception occurs xvhen a largo proportion of an actixcK chanpng child s> 
skeleton H suddcnlj put into forced dmi^; ApparcnlK the calcium 
coming from the immobilized parts because of di nisc atrophj {'ce p I !7) 

IS so great that the kidnexs einnot clear the serum of excess ealcmin and 
hx percalecmia results The«erum pho'phorus in such ca.«es lus one wool 1 
expect IS normal or diglith delated the wrum phot-pfalasc as in other 
instances of osteoporo'is is normal One meets the «iliiation vhnrtlj after 
the on«ct of infantile p irah «is or after a child hxs been put into a pln^t<r 
cast An analogous situation occursm adults when a j^rson with excos'^vc 
bone formation compcn-sitorj to increased bone destniction ns with Fain i s 
disease is suddcnl> immobilized («cc discussion on p 290) Tlic followang 
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C'lac illu-^tratcs this exception m an actnelj g^o^\^ng child [Albiiglit, 
Burnett, Cope, and Parson (19-il)] 

Ca««? Xo 4 Pathological Prartiiro Through Localized Osteitis Pjhrosa 
of Right Femur, llj pcrcalccmia from Acute Osteoporosis of Disuse 

A T (M G H 2G0016) a 14 jeir oldschool lioy wasperfcellj well ami actno 
until two months before admission when he|uai{>e<! on home plate after ni iting 
a home run and fractured the neck of tlio right femur \. raj-s demonstrated a 



Tig 40 Cascl^o 4 Acute Osteoporosis of Disuse Pathological rractiirc through 
Localized Osteitis Fibrosa of Right Femur 
(From Albright, Burnett, Cope, and Parson 

c>st at the site of fracture (Fig 10) hut normal luines elsewhere lie undent ent 
an ojicn redact ion and tl en was put into nspiea mat which immobilized him from 
the waist ilown The patient did not do well butsufferc I from ftiiorrzn and 1 id 
episodes of vomiting He doeJoped hematuria on one occasion, but no gravel 
was demonstrated The surgeon in charge, I>r \lcxandcr P Aitkeu, found u 
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marked hj percalcemia and verj logicallj , concluded that tlie patient hvl nn 
underbjng li>7>erparsth\TOJd(9m mfh irwtnc sj-niptoms due (o h>poreatfcmia 
per M 

On admission the patient had a high serum calcium U C mg per lOO cc , a 
normal serum phosphorus for a growing bo), 4^ mg per 100 te , and a nomial 
serumphocphalase for a groaingboa,COnodansk> units There n as extreme 
demineralization of the immobilized parts of his skeleton but the remam Jer of 
Ills skeleton Was normal (Fig 41), the lamina dura was casilj aisiblc (Fig 42) 
The urine contained huge amounts of calcium and ll e sediment showed many 
calcium pfiosphate casts 



Fig 41 Case No 4 Acute Osteoporosis of Disu«<“ \ ra> Films Contrasting 
Normal Density of Parts of Skeleton Not Immobilized [Hand {\)1 with Decreased 
Density of Farts of Skclctoo rnimobilized [foot (Il)[ 

[From Vlbnght Burnett Cope and Parson (1911)] 

A diagnosis of hyperparathyroidism was made The absence of hypophos 
phatcmia was a lit (Ic disturbing I ut was ciqilainedonthc ba'is of beginning renal 
jnsuflieienca It was thought that be had no bone diiease due to hyperpara 
thyTOidism and that the cyst m hw right femur was a * solitary cast and an 
unrelated finding The neck was explored at one operation and the anterior 
mediastinum at another without the finding of a paratbyToid tumor It was not 
until then tl at it was realized that the sequence of events probably was {\) 
solitara cyst’ , (B) fracture througli cyst (C) immol ilization (D) osleo 
porosis of disuse and (F) hypercalcemia due to very rapidly devcfoping osleo 
jiorosis It was accordingly decided , since the patient w as rapidly goingdown 
hill that activity must l»c started Therefore bewas allowed to lioarweigl ton 
the fractured leg In one month a time the serum calcium fell from H 4 to lU 
mg per lOOcc , thc'ierumplosphoni9fcllfrom4 4 to3 Grog jier lOOce .and the 
serum pho“ph3ta«o rose from 5^ to SJDodansky unils (Fig 43) M it b reduct ion 
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Fig 42 0330^0 4, Acute Oatcoporosjs of Disuse \ raj Films Shoeing Presence 
of Normal Liminn Dura 

[From Albright, Burnett, Coiie, and Parson (1041)1 



hig 43 Case No 4, Acute Ostcoporosia of Disuse Chart Shoning llelatioo of 
Scrum Calcium, Phosphorus and Alkaline Phosphatase to Time of Fracture Para 
thjTold Operation, and Mobilization 

Note that with mobilization there nas a fall in scrum calcium and phosphorus 
values and a rise in serum alkaline phosphatase values [From Albright, Burnett, 
Cope, and Parson t^94i)] 
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in the li\percalcemia the anorexia and vomituiR dLsapiiearcd and the patient 
made an unc\entful reco>cr\ 

In summary , tljereforo, osteoporosis i3 the hone disease which most often 
luis to be differentiated from hvperparatli>roidi'5m It occurs as a re^ailt 
of disusp, in eeniljt^, in women after tJic menopause, and in Cu'hingS ^^n- 
droroe It has a predilection for the peUisand spine and Mdom involyps 
the «kull or lamina dura It istheonK metabolic bone disease which has a 
normal «erum phosphatase let el m the presence of mnrkcdit dimmidicd 
bone den'«it\ The ‘*enim lalcnim and phosphorus le\ cU ure usually norm il 
e\ccpt m growing children tylien, folloiyjng immobilization of large i>arts of 
the «keleton there mat be ht-porcaltcmia without htpophosphatcmia 
Iljpercalcuna is present onij in the earl> stages of the disease, when it 
maj be terj marked 

13 Ostpowinfacia and Htdets 

Tlie pathological plijsiologj of osteomalacia and its diffcrcnlntion from 
Osteitis fibroma generalisata is shown m I ig 39, p 82 The subject as a 
whole and its ctiolofo w ill lie discu«<^ at length in Chapter 7 (H*e p 20>) 

Tlic «orum findings «en e to difforcntnlc ostcom il u 1 1 from hj porpara 
^htroidi'm with osteitis fibroso genenh'ala \\herci« bolli eonduicns 
usuallt liate loyy scrum phosphorus and lugli »<rum alkaline phosplulaK! 
fttels, the «erum calcium let el ischiractcn&ticallt normal or low in ostew 
malacia and high m li> pcrparatlit roidt«m rurthermore, unn irj i alcium 
excretion is reduced m certain forms of osteomalacia, whereas it ls almost 
fllwat s high in h^perparatht roj<h«tn 

Both conditions present generalized dccalcification and absent lamina 
dura rumore and "cj sts” arc rarelj, if cter, found in osteomalaiia and 
deformities occur as a result of bending rather than fractures An etiep 
tion to this statement is the pre-ence of pseudo-fractures" dcscriliod hj 
Milkman (sec p 200) 

^\'hat has licen said for ostcomUacia holds equallt well for rickct-* In 
this latter condition one has the additional differcntiil point that hyper* 
piralluroidi'-m does not cause wide and irregular epiphyMjat fines 

C Oileogencsis Imperfecta 

Although there is considcnible confusion about tcrminologj, no ths* 
linotion is here made Iwtween o«lcogpnesis imporfectn fngilitas O' mm, 
and and ostcopsatbj ro-is The malady is not to lx* confU'^d with \ll>ers 
Schonlicrgs disease or marble IxMie, which is abo an hcrcchfan di'C'i'C 
associated yyith bone fragility 

Osteogenesis imi>crfccta is an hcrcditan diseu-e and nrolnWj irnohes 
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all nicbenchjmal tissue, indeed Kej (1926) has termed the condition 
‘ hereditary hyTioplasia of the mescnchjma” The disturbance m the bone 
13 clo'^ely akin to tliat met i\ath in osleoporos]‘: Hoivei er, instead of there 
being an hjTioplasia of the osteoblasts, there is apparently a failure of the 
osteobhsts to form the normal amount of exfra-celluhr «:ubstance The 
end result, it will be ‘^ecn, would be \ery much the same, that is, too little 
bone matruc However, the osteoblasts are actually increased m numbers 
and the ostcocytes in the bone wluch is formed are of course, closer to 
gclher It IS not so surprising, therefore, that m many but not all cases 
there is a moderate increase m the scrum phosphata«c leN cl (Smith and 
Mitchell (1935)] Patients with this disease ore %ery subject to fracture 
not only because the bones are thm but fll<o because the bone Jt«clf la 
brittle In fact, m contradistinction to osteitis fibrosa gencralisata, the 
fractures tend to occur where the bone is thickest 
Resides the bone pathology m osteogenesis imperfecta one meets dis 
turbanccs m the other tissues of mc'enchyTual origin Tims, the sclerae 
almost loanable appear blue becau«e, due to their thinness, the choroid 
shows through, furthermore, the blood \esscl8, fascia, periosteum, ind 
subcutaneous tissues arc all \eo phable The condition i» apparently a 
dominant characteristic and is passed on from one generation to the next 
Ihe bone disease lanes m scicnty from a condition incompalilile with hfe 
to one which causes only moderate disability , it ^mpro^cs when adult life 
ib attained, at which time otosclerosis la apt to dc^ clop 
Prom the abo\c discussion it is clear that only a rare case without a 
history of multiple fractures from birth on is apt to be confused with 
osteitis fibrasa gencnlisata Tor example, the bone disturbance might be 
first recognized at the age of fifteen when x rays, which perhaps were taken 
because of a fracture, re\ ealed a generalized thinness of the skeleton The 
X ray of the skull, which will show a very thm, but not a decalcified skull 
is at once enough to rule out tlie bone disease of hjTXirpamthy roidisra (‘cc 
Fig 27 D) Furthermore, the lamina dura will be intact The sclerae w ill 
l«j blue The scrum calcium and phosphorus will be normal There will 
be no hy porcalcuria or hyperphobphatuna The serum phosphatase, to 
be sure, may be slightly elevated There probably wall be a family history 
of fractures blue sclerae, or otosclerosis The difTorcntial diagnosis should 
present no difficulty 

(2) Demiiicnihzation due to Localized Bone Di-^se 

There will now be considered a few of the localized bone di*ea'iC8 which 
max bp mistiken for hyperparathyroidism The authors’ concept of 
"localized ’ has been stated alioxc By definition tins group of diseases 
can l)c difTerenliated from osteitis fibrosa gencralisata by the demonstration 
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of absence of dccalcification soinc\\bcrc in the skeleton The hram'i dun 
for example, «hould be demonstrable around the teeth if the jaira do not 
happen to be inx oU cd m the localized proce^^ 

A Pofi/ostatis Fibrous Dysplasia {Osletlts Fibrosa Disseminata) 

This cunous sjTidromc 'wnll be dibcussed in more detail m Cliaptcr 8 (*>00 
p 263) It is constantly beingmistakcnforh\’pcfp3rafhyTOidi«maIt}iotigh 
the diagnosis if one keeps to first pnnciplcs shouldoffcrnodifBcultj Tic 
authors ha\ e had an opportunity to study many of thc^e cases \\ Inch Im e 
been operated upon for hy'pcrpirilhj roidi^m in other clmica wth negntn c 
parathyroid findings and -sent on to the Ma‘isachu<^^tts General Hospital 
'or further study 

Briefly state the characteristics of the syrndrome arc (a) a di>rfmmated 
osteitis fibrosa (both hyper and h\po*oslotic) ^^l^h a segmental disln 
bution suggesting a neurologic or cmbryologic relationship (b) areas tf 
cutaneous and, in one instance buccal pigmentation Hhich haic a di**trj 
bution suggesting some connection between them and the bone IcMons ami 
(c) «cvual and 'ornatic precocity lu females but not m males 

The first diflerentnl point between this s\ ndromc and the o^telth fihrosa 
gcnemlisata of h> pcrparathvroidism is the fact that the bone legions in the 
former condition allicit wadely disseminated m certain cai<s. are not 
generalizc<l the unin\oUed parts of the «kcloton arc completely norma! 
This distinction immediately rules out a hormonal or metabolic disonler, 
hormones do not alTcct one leg and not the other, hormones do not slop at 
the roidhne Ihc ‘second point in diflerentnl diagnosis is the fact that the 
bone lesions arc hyperostotic as well as luTJoostolic, m hyperpanthy 
roidism hyperostosis is most unusual Tlius, whereas the typical appear 
ance of the skull in osteitis fibro«a gencrali-xata is one of gcntnlized 
demuieralization the tiiuca? appearance of the skull in the syrndrome under 
discussion 13 a marked mcrea'^ed density at the base of the skull coupled 
with a localized (often confined to the occiput) increased thickening of the 
\ault of the skull somewhat rcmmi«cent of tliat seen in Puget’s disease 
(compare Fig 137A p 271 walh Hg 27E, p Cl) The third point in 
differential diagnosis i3 the blood chemistry Tlie ‘enim calcium and 
phosphorus leads are normal in polvostotic fibrous dN^plaaia as compare*! 
wntb the high <!crum calcium and low serum pbosphonis lc\ els m liypcr 
parathyroidism, both conditions can luixca high «orum phospliatasc !t.^e! 
The precocity m females and areas of cutaneous pigmentation, though 
sinking when present, are not suificicnth constant to con.-)titulc important 
difTcrential points 
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B P(ujcl’s Di$case {Osteitis Deformans) 

rhis condition vill be di cussed c\ten‘u\el> in Chapter 9 (‘kjc p 284) 
Tlicrc should bo no difficuU\ m di&tinguiahing it from liyperparathj roidism 
with osteitis fibrosa generalisata Ihe scnira calcium and phosphorus 
\alues are normal while the serum alkaline phosphatase is cleaated more 
per unit of bone disease than it is m osteitis fibrosa WTien the di-ease is 
advancing there maj be Mperealeuria and even nephrolithiasis but renal 
complications are less common tliao in hj peiTiarafhv rotdtsra The skeletal 
involvement is ‘ localized" (t e , not gcnt-ralized) and there is a tendenc} to 
ov ergrow th of inv olv ed bones 

C Osteitis Fibrosa Locahsata { Sohlarj/ Bone Cpsl ') 

Solitarj lesions which on biop^ arc indistinguishable from o>teitis fibrosa 
gcneralisata and osteitis fibrosa di^'cminata arc apt to occur at the ends of 
the long bones, notablj the upper end of the femur where thej not mfre 
quentJ^ lead to pathological fractures («eeFig 40 and Case Iso 4, p. 85) 
Thus, one finds [Mandl (1920)1 the brown tumor, the smooth walled cjst 
lined with fibrous ti&sue, the fibrous replacement of bone marrow , et cetera 
All these lesions masquerade under the \ nj diagnosis of a ‘‘ejst’ Bj 
cjbt' is meant almost an> circum'cnbcd lesion showing absence of calci 
fied bone 

D Multiple Mt/elcma 

Multiple mjeloma can produce a clinical picture which ma> be mo^t 
difficult to distinguish from hjpcrparathjroidism The \ mv appearance 
of the bones can be quite similar although in mO't instances the lesions m 
multiple mj eloma are more sharplj demarcated For example, one expects 
punched out areas in the skull rather than a diffuse moth-eaten skull ’ 
(see Fig 27 F, p 61) The serum calcium can be high m roj eloma when 
it is the calcium excretion in the unne is al o high and nephrolithiasis ma> 
bo jirc'Cnt The high 'semm calcium lev cl is usuallj coupled with a normal 
or high <5crum phosphorus level In «ome cases, however, the scrum 
phosphorus lev cl is low ju^t as it is in lij perpanthi roidrsm The presence 
of large amounts of Bence-Jones protein m the unne is strong cv idence for 
mjcloma, their absence means ver> little as in tbirtv cases of prov cd mv e 
loma studied hj Jacobson and Milner (1944) it was found in onlj fifteen 
cases Mhcther small amounts of this protein mav be present with the 
bone disease m hjpcrparailivroidism to still questionable since, in those 
cuncs where it has suppo-^dly been found, the most ngid entena probablj 
w ere not applied Of course, the presence of plasma cells in the penphcral 
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blood or hj perglobulmcmia are strongly suggeslne of mjcloraa and a 
positiro finding in a btemal biop^ or puncture is palhognouionio for mjc 
loma Tlie serum pliospliatart la nudj , it c\«, cleialmi m itijcloim an 
important differential point IBodanakj and Jatte (193f), Gutman Ijsoii 
and Gutman C193G) , and Jacobson (unpublished data)] 



Fig \ ra} Film Shoeing AfetMln-is of an Uipernophroma to II um 
Notesharpb ilemarcitc 1 areas of bon«* ilestructmn (cf Case No 5 p £0 M G II 
576M) 


L Afcfoslalic Malsgnancy 

^^e^^statlc /nalignmcj offers httle difBcultj jn the diffcrentiaj diagnwta 
The X raj appeannee is quite distmguisiung («ce Fig U), the indnidui! 
Icsons nrc as a rule sharpb dcroarcatcd and areas of normal bone can 
olraost mr anablj be found The serum calcium m3> be high and there 
may be hj-pcrcalcuna and Kidn^ stone fomiatton The scrum phosphorus 
IS usualh normal occasionally ele\atcd and only \er> occasionallv dc 
creased The pho«phata«e lead may bo elcaated A primary source h 
to be looked for and 13 most apt to be found m the breasts prostate kidnevs 
(hj pemephroma), bronchus, or thyroid 
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Cases of multiple m\eloma and metaalatic malignancj >\ith h>pcrcal 
cemia are most interesting from an academic point of \ len The que-tion 
arises as to w hat is the caU'e of the hypercalcemia 1 he most ob^ ions and 
prolnhl} the <orrcct cvplanation is that the metastatic Ic'ions are dis 
solving bone «alts into the blood stream more rapidlj thin the kidnej can 
clear the blootl of e\ce'“S calcium 

Tho'C cases, which are vers much m the majontv, in which the In per 
caiccmn is not associated with a Inpopho^phatcmia are an argument m 
favor of the authors’ thesis that the parathj roi<l hormone acts on the blood 
chemistrj rather th in on bone tissue If the action of the hormone were 
on the hone, one should got the same blood findings as one obtains in met i 
static mahgnancj For the same reason thoxo rare inst inccs of meta-'tatic 
malignancv m which the hjpercalcemia is associated with hjpopho‘«pha 
temia are an argument against the authors’ point of \ icw 

From an academic point of \ lew, the presence of the classical metabolic 
findings of hj perparathj ^oull^m in association with metastatic mahgnancj 
IS so interesting th it the foDomng case is bnedi recorded 

Cfl-o Ko 5 Hyi>crntphroma with Solitary Metastasto to Bone Sim 
ulating Hjperp iratliyrouhsm 

P / (MGII 576>t) a so jciroI<l<jreck,«a8 followod ill the MiissacliusPtts 
Gcnrrnlllospit it from June 1037 until his death an i »ulop«i in \ii(iU8t lOtO 
Up had aamalt h) pcrnopliromaof his right kidnp> h itli usinete inoppraklc metas 
tasiswl ich ini olvedhts right ilium and sacrum (see Fig 44) Because his scrum 
phosphorus and calcium vafucs were thow vf hii^rparathiroidism he nns ex 
plorcd with that incorrect diagnosis in I!>37, three norma) paratfuaoids were 
found the fourth normal gisnd tmng found in ihc nntcrior mcduistinum at an 
topa 3 in 1040 Not only did lie have a high serum calcium niid ii low serum phoa 
phorus level (sceTnhle 1) hut llie«e values decreased lo normal after a lourse of 
\ rni lira lintion of the metastatic lesion onlj lo return to tho pre irradiation 
aim irmal values after (he effect of the lleripj 1 ad worn off ''Ub^qtient x rai 
irra hattoii hnd less effect on the I looil values Tl c calcium excretion in tl e 
unne w IS m irkedl> increased when the serum calcium w as high an I returned to 
norma) n ) cn tJie serum calcium hccaiae normal 

^Jie chemiea) ajjd meiJihoitc /iniltngv iJicreXore, were tbo?.e of bvper 
parathyroKh«m The authors have no explanation for the tonsi'lent 
hypopho'-phitcmia in tliLS case Did the tumor protlucc a pirathvroid 
hormone like sub'.tancc’ 

(3) Other Bone Diseases 

Ihcro is a lirge group of other conditions which involve bone which 
might oct i^ionalh lx* mi>taken for osteitix hlirosa gcnenlivata Thc^ 
cannot lie i>tparatcb dj«cu''sed Thej include bmiphoma, bemgn mcla 
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stasitmg hemangioma, Gaucher'** di-casc, xanthomatosis, chrome ridmm 
poisoning, and renal osteitis hbroea generahsata («ec bclon under ‘ Second 
ar\ HjperparathjToidiem", p 115) 

TABLE 1 


Effect of Irradiatxon of Bone on the Senm Calcium, Pkoephorus 4Uatinf 

Phosphalaee and Prolem 1 otu« tn a Paltent tn/A IlypeTntphroma {Case \o 6) 


Date 

\ 

CO"® 

Pbcsi^Nsfiu 

AllaCae 
Tbcvplutue , 

T«-il Ptolra 


*«1 'i 

mt 

P»A t 


6/20/37 

13 S 

2 6 1 

5 5 

b 4 

&/30/37 

J3 1 

3 0 j 

4 7 

7 t 


7/3/37 ParathiTOid Kxplarntion 


7/9/3" 

1 12 9 

1 30 

1 - 

1 - 

11/7/37 (0 tl/23/37 

3400Rocn4Rcn Units of IrrsJistion 

2/5/3S 

( 92 

3 3 

1 


7/9/38 

1 

3 2 

1 - 

1 ” 

8/24 to 8/29/3S 

1200 Itocatgcn Units of Irradiation 


10/22/38 

12 9 

3 0 

— 

1 - 

12/10/3S 

!3 1 

3 ! 


1 - 

12/12 to 12/21/38 

I*4X) Itocntficn 1 nils of Irra lintion 


12/21/3S 

12 8 1 

2 5 

4 1 

- 

I/H/39 

13 0 

2 6 1 

6 6 1 

— 

2/11/39 

12 0 

2 0 j 

5 5 j 

— 

4/22/39 

13 7 

2 8 1 

4 S j 

— 

6/10/39 

14 0 

2 9 1 

5 8 1 

"" 

9/2" lo IO/ 0/39 

2J00 Roentgen Lml< of Irradiation 


12/27 tol2/30/39 

1200 Roentgen Lnils of lira Intion 


O/9/40 

It 1 

4 2 

12 0 I 

- 

7/24/40 

12 8 

20 


— 

8/9/40 

12 S 

20 

** 1 


S/lS/40 


Died 




(4) Other Conditions Associated tnth Ilvpcrcaiccmua 
Tlirce cau«cs for hj'pcrcalcemi i other than hipcrpanfljiroidHra lia'** 
alrcad> bcendtscu'-sed, nameK,niiiUiplem>elonu metastatic milignsncj, 






CUNnCAIi nTPERPAnATHYIlOtDISM 


95 


and rapidlj de^ eloping osteoporosis m children Thc«e aro se\ oral addi 
tional causes, other than a fauH> chemical determination which is the 
commonest Tht'^ include \ilamm D poisoning, Boeck’s sarcoid, an ns 
5 et unreported sj ndrome resulting from a prolonged and o\cesai\ e intake 
of milk and alkali, and possibly hypmentilation 

A Ilypcnilaminosis D* ("Vtlanitn D Poisoning") 

The administration of large doses of vitamin D in animals results in 
metastatic calcification in\ol\ing the kidnc>s bronchi, alveoli of the 
’ungs, mucous membrane of the stomach, blood vessels, and other tissues 
Lssentiallj the same pathological picture has l>een reported in patients who 
have received excessive do«cs {circa 150,000 units per daj or more) of 
vitamin D [rreoman, Rhoads, and Veager (1910), Kaufman, Beck, and 
\^iscman (1947)] Periarticular calcification has also been described m 
man and may be rev ersiblo 

The clinical manifestations include s>mp(oms due to hypercalcemia per 
se (anorexia, lethargy, constipation, etc), poljuna and polydipsia, albu 
imnuna hyposthenuria, impaired renal function, hy pcrcalcomia, and h\ per 
phosphatemia There have been ca«os where the hypercalcemia was not 
accompanied by hyperphosphatemia, mdcod, some cases oven have hypo- 
phosphatemia (tide titfra) 

Tlio raechani'm of the disorder is not entirely clear llicre are two 
schools of thought one which coasiders the disorder a poisoning, the other 
which believes It to bo a hypcrvitaromosis JTumuhy and Howard (1942)) 
The former school invokes a mysterious toxic property of Mtaram D wlucii 
is thought to cau«e ti'-sue necrosis and ^iib'-equrnt calcification Tho 
authors would sooner ascrilxj the manifestations to an e\ce»s of one or both 
of the two known actions of vitamin D (1) to merea'se calcium ab«orption 
from the gastro intestinal tract, and (2) to increase phosphorus excretion 
m the urine (i®ee page 133) Hicy further beheve that the ti^ue necro^’is 
is ‘secondary to the precipitation of calcium phosphate m the tissues 

The most probable “sequence of events of an excess of the fir.t action of 
vitamin B is (1) incrca‘!ed calcium absorption, (2) mcrca'^d ‘wrum calcium 
level, (3) decreased pirathyroidactnity, (4)dccrca‘ed umnry phosphorus 
excretion, (5) increased scrum phosphorus level (G) supcrsaturation of the 
blood with respect to calcium phosphate (see higli calcium and high phos 
phorus lev els), and (7) precipit ition of calcium pliosphatc at abnonna! sites 
(metastatic calcification) Tlie probable sequentc of events of an excess 
of the second action of v itamin D 1 “ thcsuncas that which follows excessive 
pamthyroid hormone (sec Pirathyroid Poi'^oning page 77) 

• See footnote, page 122 for t>'pc9 of vitamin D 
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Since it li probnbh the first of the nbo\c two pniperfio of \jJijnin I) 
which plajs the chief role m bvpenitimmosK D, and «iriec \o(i nn not 
ha^e marked calcium ab'orptionif there t-, \cn little calcium toab-yirb, 
the most important therapeutic imlication m \itamm 1) poLM)mnR woulii 
seem to lie a low calcium intake This mca«urc w ould ehramatc nil of the 
“cqueUe of the fir< action of \itnmin D mcludmi; the Inperpho'qih itcnia, 
but w ould not nfTccl the ‘=equelae of the second act ion of \ itamin D From 
this it folfow- that a patient on n low -calcium intake rcccivins an CTcev'iof 
Mtamm D might exhibit h%'pciTalcemu and hxpepbo'phatcmu and thus 
simulate In'perpanitluToidi'-m Fluid- should, of rouiso, bo forred, and 
guen parenteralh if ncce-sam In the prc-ence of a high sonini pho— 
phonjs let el one might admini-stcra low phoNphorus diet and nl-o aluminum 
hjdro\ide to decrease the nli-orption of pho-phorus from the ga'tn>- 
jntesJinal tract The patient should be mobilized ns murh a< /xKnhIe io 
avoid supenmpo-ing atrophv of di-u.-e («ec page 147) and thus incrra'ing 
the serum calcium andpho-phorusIcvcl-lTumultv and Howard (1!>12» 

B Boecl ’t Sarcoid 

Since there ma\ be bone changes (see Fig 47), high 'cnim phosphatase 
levels, b)*pcrcalcemia, h> percalcuna, and kidnev stones as-ociatftl walli 
Boeck’s barcoid, this condition mav m rare m-tanccs l>c mistaken for hv per 
parathj roidi<m 

llie chemical findings in eleven costk were studied hv Harrell and fisher 
(1939) These authors found elevated -erum calcium values m five of the 
elcv en c-a-cs, the lev cl in one patient l»cing 14 S mg per 1 00 ec llie hiq* r 
calcemii, when pre-ent, was not as-«ciatod with a hv pnpho'pluati m i, it. 
furthermore, was not conllneil to cases with bone di-^a'^ Ilvj)erpn>- 
tcinemia and hvperglobulmemii were nlmo:'l con-tanl findings Hiiwcvtr, 
the «emm proteins were not sulficienlb high to exphin the cleiateil -eniin 
calcium value- "Moreover, in a ca-se studied hv the author- (nrfr infra) ^ 
markodlv increased calcium excretion in the unne was noted which indi 
cates that at least part of the elevation m the scmm talcium value i' due 
to an increase m. the ionized c ilrium fraction as opposed to the nlcium 
proteinate fraction Harrell and FT-licr al-o found elevated -enini pho- 
phataselev eU, which again did not loirohtc w ith the degree of bone di'^'o.-e 

In some unpubli-hed raotaMic fctwlie- on a cIos-imI of -am»d 
(A M , MGH 2o24Sl) it was found tliat the hv perinlciiria wa- not 
matenallv alfeixxl when the calcium inlnko was inerca-eil from 3i'd to 2^ • 
mg per dav Vcconlmglv, a markediv negativi calcium luhnce on tU 
low call mm intake was changed to a Hightlv ni“gative calcium kduici on 
the high talcium intake Tlie-c findmg^ are uitfrpnt«l a- cvid^mx tint 
the (h-ordered calcium metabolism i3 the ra-ult not of boot di'ca-c yr »t 
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but of the disordered blood chcmistn In this respect sarcoid resembles 
h3 perparathj roidi-m 

A most instructive case, which has not heretofore been published, was 
studied at the ^lassachusetts General Hospital Clmic 



Tig 45 A ray rjJm of Hand m a Cose of Snrconl to Illustrate Bono Lesions 
Isoto punched out areis areas of Coarse trabcculation absenre of joint involve 
merit and normal contours of the bone a — normal bone b — anrcoid lesion (The 
authorsarciiidcbtedtoDr G T Harrell Jr ofDukcUniversitj for this illustration ) 

Ca«o No 0 Boeck’s Sarcoid with Hypercalcemia and Ncphrohthia«!‘', 
Pamthjroid Exploration and Partial lleacction 

I L (MG II 3C032), was ftrst seen in 103( at the age of 21 She had had 
weakness of two j ears' duration, twenty one pounds fo«s in weight, pjcfitis for 
ovir one jear a left nephrcctomj for kidney stones, and a right pjclotomy for 
the removal of a ki tncy stone I’lij steal evainination was non contributory ex 
copt for an enlarged spleen \ rays of the lung showed what at that time was 
considered to he miliary tulierculosis no bone lesions were demonstrated in spite 
of extensive \ rays A stone was present in the right kidney The pertinent 
laboriitory Codings were albuminuri i with a small amount of ‘ atvpical Bence 
Jonesproieinurii' ,pyuna baeilluna a modernle anemia a scrum protein of 8 0 
gm pcrlOOcc without arcvcrsalof the albumin globulin ratio, and a dccrea<cd 
phcoolsulphonpbthalcm excretion ‘Hieaerumcnlcium was 13 8mg perlOOcc , 
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tlic fcrum pJio^phoru-! 3:! mg per 100 ec , an<l l!r wrom Kata«* 11 7 
IJixlan-ok) units On a«;alevumintaVeol223ms per three <Is\ i>. nwl the palirni 
put out 9^0 anti IftiOnsi; m rich of t(ro thm -das r‘'*fiotJj, resfu'rtneh (cirtnal 
circa IWmg ) In spite of the fact that thetlin^^noiis seemM far from certain in 
MCtt of the lackof hj-pophoophatenua.ftpiralhjToid pKpJoralif nuasperfon^e 1 
with the finding of three normal parathjTOid glands Taoof these were retnoTed 
and the third was biopsied The seratn calcium fell preunpth to 0 S mg per lf»i 
cc , the serum phosphorus ro«e to 5 0 mg perlWcc The hjj'erralremia grad 
ualh returned, howetcr, the letel reaching 12 4 mg per Iftl cc in four rnontl-s 
The patient maifc an uneirpccfeiffj good eon% a/c<ccnce The mifiari fe»ioas 
m the lung graduallj disappeared as did the enlargement of tlie spleen lire 
weight and strength came bad and with this her h>perealn‘m»a gradually dit 
appeared The stone Was removed from her kidnej , her urinary infection was 
cleared up with mandelic acid, she complete!} regained her health an! wsj 
married in 1010 

our knouletlge at lt^ pro^nl state the chfTrrctitiation of sarcoid 
from lij*pcrparathjroidbm Mioultl offer little ilifTicultj Tlie absnee of 
ln*popho'phatcmta, the ob'cticc of pMJcralired dccalcifiration, and the 
h\ pcrproteincraia in sarcoid are differentia! points The lionc legions in 
sarcoid, furthermore, arc mo*tlj confined to the luantU and feet Tim 
consist of circuni«cnl)e<l lesions of coarse tml^crulation and ehandj 
punched-out, small, cjstdiko areas (poo Fir do) 

C Syndrome RcsulUn/j Jrom ProlonQfd and Fxeemre Inlah of MiU. and 
Allah 

Tlierc J 3 an interesting group of ca«o«, as jet unpulihshetl, m ^^lltr!l the 
etiological factor seems to be proloiigc*! and eace"i\c intake of milk and 
alkali 'riie^e ca'cs have been ol>M?rved b\ IJr John linger llowanl at 
Johns Hopkins IIofTida}, b> Dr George W Tliom at Pett r Ilont Ijngliam 
Hospital, and bj Dr Charles 11 Burnett and otlicrs of our clinir at thr 
Massaelmsetts General Hft'pilal The cliwpal featuri's arc 1) li'P'r* 
cakcmia without luTwrcalcuna, 2) a normal or high sonim phosphorus 
let el, 3) impaired renal fimction «ilh relenfion of non prolem nitn'gcn, 
decreased excretion of phenoKuIphonphtlialein, and fi\c<l specific gravatt 
of (he iinno, i) conjunctnal calcium deposits and ' Ijond kcntilH” 
page 07), and 5) lowering of the senira calcium let el with chiiica! impnAe- 
ment when the patient is placed on a low -calcium diet 

{II) Treatment of Hriwiarji Hyperparathyroidism 
(I) \on-Surgical Treatment 

Hxcept for the treatment which one applies m getting a pitunt nxnh for 
®urgcrx , the authors do not believe tliat thete h ant justifiable noa-^urgici 
treatment 
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To be sure, as discu'^sed abo\e, one can prc\cnt a negatuc calcium 
balinco in hjporparath3TOHlism and e\cn produce a strongl} po^itnc one 
bj giving the patient a high calcium intake (-sec Fig 31, p GS) The 
authors have seen such treatment prci ent further bone di'oase and, in the 
cour&e of jcars, impro\c the bone di'>o*isc In the final analjsis ho\ve\cr 
It lb the kidney eompheations of perpamthj rotdi«m u hich are the senous 
ones and the irre\ ersible ones A high calcium intake does not pre\ ent 
tiiesc, if an} thing, it faiora tliem Furthermore, the hjpcrcaJecmin per 
sists m patients on a high calcium intake and with it the sjmptoms depend 
ent on the hypercalcemia perse (see p 6i) 

Tlio authors ha\c also experimented with a high phosphate diet B\ 
administering to a patient with h}pcrparath}roidism a ^erj high phos 
pliate intake one can elc\ ite the depressod fronim pho>phonis level, lower 
the elevated scrum calcium level, and decrca'.e the increased calcium evero 
tion m the urine («ee Fig 8, p 21) However sudi therapj causes a 
tremendous increase m the already high phosphate cvcretion m the iinrie 
and must matenall} increase the danger of nephrolithiasis and nephro 
calcinosis It is not to he recommended 
■While the patient is awaiting operation or is being prcpartol for operation 
It IS important that “parathjroid poisoning ’ (see p 77) be averted and 
that further kidnej damage be prevented Unnccc*»arv ingestion of cal 
cium and phosphate should therefore, be avoided which, from a practicii 
point of view, means that milk and chcc'^c «hoiiUl be eliminated from the 
diet Fluids should he forced If there is an} <niggCi>tion of parath} roid 
poisoning or renal msufficiencj , intravenous saline should be admiiusteriHl 

(2) X raj Irradiation of Pnrathj-roid Glands 
In spite of favorable reports horn other clinics the aiithon have had no 
success w ith this me ms of therapj nor arc thev conv meed b} the published 
reports [Merritt am! McPcak (J934) Culler and Owen (1931), Ansjutb 
and Clifton (1939), and Jaco\ King and Bade} (1939 and 1910)j The 
authors liav c searched for one ra<m of uniinestionabJe lij ptrparathv roidi-in 
with the classical blood chcmistrj findings m which normal findings were 
restored following irradiation themp> and iiersibtetl over a rei«oniblo 
penod of lime The fact that a pvlicnt with some bone IcMons diowcd 
sjmptomiitic or tven \ ra} improvement does not impress the authors 
since this can be obtained m hjperparathjroidism bv a high calcium diet 
alone (itde supra) One of the authors (F A ) boa communicated w ilh the 
cited proponents of \ rav therapj with the cacoption of Jacov cl al in the 
hope that Ihcj could furnish furtlicr evidence which would Ik: convincing 
of the cfilcacj of this thenp} m at least one case, that additional e\ idcncc 
which was obtamed actuallj weakened the ca«e for \ ra> thenpj Thus 
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of the SIX cases reported bj Mcmtt and McPeak (1934), case S came nearest 
to fulfilling the criteria outlined abo\ e IIou c\ cr, m a personal communi 
cation Dr Merntt states that the blood chemiatrj m this patient did not 
remain normal after thcrapj Cutler and Owens case (1931) died the 
microscopic findings at autopsj ^\ere rc\iev\od b> one of us and Dr Ben 
jamm Castleman, nbat might hate been the remnants of a panithjroid 
adenoma « ore present Howca er, the bone actions show cd ostcit fibrosa 
the remaining parathjroids wen h>perplastic, and there was nnrkcil 
calcinosis of the kidnejs It was clear tliat at death the patient had read 
osteitis fibrosa that the renal disease was on the basis of ii panthiToid 
adenoma which was destrojed bv x ra> !•« a distinct po il)ilil\ but not 
pro\en An«pach and Clifton’s (1939) ease 2 which was quite sugpestiK. 
apparentlj was not cured b> irradntion and was still •suffering from sjmp 
toms which somewhat suggest renal nekets to Dr 4nspach The facts in 
Jaco\ el at*s case (1939) (1940) wntfi the persistence of li>pctxa!ccmu 
following irradiation and the inability to demonstrate a parathyroid tumor 
at autopsy could hardly he construed as evidence for the eJTicii:^ of tin 
form of therapj 

The authors have given \ raj irradiation a thorough trial botli in c.isC8 
due to adenoma and m cases due to hjTcrtrophj Irradiation has Ix-en 
forced to the limit of tolerance one patient de\ eloping an csjopliagilis as a 
result The authors have controlled their obscnation* with evten iie 
metabolic studies and with histological studies of the irradiatixl parathj 
roid tissue which was subsequent!) removed In no instance has a defi 
nite effect on the degree of bjperparathjroidjsm been noted In the 
authors’ opinion, therefore, x raj irradiation should be u<«;d as a last report 
if tried at all 

(3) Surgical Treatment 

The authors believe that gurgerj is the onjj sati'dactorj treatment of 
pnmarj hj perparathj roidi^m The subject divides itaclf mlo two parts 
(a) the uncov ering of the paratlij roid pathology, and (b) tlic decision as 
to what ti«!sue to remove and what tissue to loave behind 

It 13 not proposed here to enter into a detailed discu'^ion of «urg!ral 
technique The reader is referred to papers hj IValton (1931), Churebill 
and Cope (1930) and Cope (1941) The authors, however, cannot resist 
putting m a few words 

In the fimt pliec, as to choiee of surgeon a gofxl thjTOKl -tirgeoii vs 
not enough The finding of a parathyroid tumor inav l>c verj Mmplc or 
vorj difficult The opention should not l>c uii(Iertal,en hv « Mn>,eoii who 
has not made a special study of the appeanuue aiul hnation of nomu 
parathyroid glinds of their differenti ition from small Ijmph mxfe^ 
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collections of f'lt, cl cetera Much mt'^chief 1ms been tlonc bj the let’s 
lla^c a look ’ approach to the problem Tliere is no time like the first 
operation to unco\cr a small adenoma Once the neck is filled Mith scar 
tissue, the problem becomes much more difficult As m all <urger\ the 
second fifU operations for anv operator arc much simpler than the first 
The not infrequent occurrence of parath) roid adenomata m the medias 
tinum creates an interesting surgical problem nhich has Ijcen di'-cuv «1 b\ 
Cope (1041) Of the first GO cares of h>perparathjToidism at the Massa 
churetts General Hospital 11 had tumors in the anterior mediastinum and 
5 in the postenor mediastinum Statistically, there figures mean nothing 


Fig 46 Dcmoustrntion of raraltijTowl Tumor bj Hanum m the 1 eophagus 
Tsop) agua <} qjJaced to left bj tumor arrows doJineatc outer edge of lumor 
B — csopliagiis in normal position after rcroo^al of tumor 

since of 9 cares explored before thej were referred to this clinic, 0 hid 
adenomat i m the intenor mediastinum and 1 m the posterior Lven uhen 
thet-c cases arc deleted from the senes honcxer, 9 of 49 adenomata utre in 
tlic mnhastinum 5 (10 per cent) licing m tlie anterior mediastinum, and 
1 (8 per cent) })eing iit ttic po>ttcnor mcdiast/nwm 
The reason for the not infrcciiient occurrence of parafhjronl glands in 
close proximiU to the tlijanus becomes apparent i\hen one goes back to 
the cmhtaologj (tteller (1933) Xoms (1937)1 Tlie loner pimfhxroids 
de\ clop from the third branchial clefts in clore proximitj to the pnmordm 
of tlie thxmiis g! uid \s the Ihxmus ti'^sue moses downward to its posi 
tion in the anterior mediastinum the parathjroul tissue descends with it 
^^ell( r (1933) his c died this pair of pirathjroid glands the ‘ parathjmus 
glands’ The miiontv of these parathjmus glands are dropped off oppo 
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site the lower pole of the thjroiJ, ‘sometimes, howc%tr,« pinth>Tnusphml 
goes H ith the thi mus bes ond the loner pole of (he tii\ roid and h dcpo-itcil 
m the mediastinum Suth a parathjTnu-* gland mnj actuall\ he withm 
the thj mus capsule It is of luatonc intcnst that Captam Charles Martcll. 
the first CO'S? of ha pcrparatlnroidtsm to be diagno>ed in thw countra and 
the *<!Cond m the world, had Im tumor in the anterior mediastinum, from 
whieli It was remo\cd bj Dr Edward D Churchill during the 'e\cnth 
paratly roid exploration 

Before the operation is underlakcn, an attempt should be made to locate 
the tumor b\ \ raj In the fir^l fiflj ca'-cs at the ^^a.s. aeliusetts General 
Hospital thiswasaccomph'hotl in three instances and could have boon done 
in one or tw o others In addition to taking the usual plates om ^houlll 
fluoroscope the patient while having him swallow barium and look for de* 
placements of the esophagus Tllmon^ not infrcquentK he m ilcw; prox- 
imilj to the esophagus (see Fig 16) hclhcr or not the new pLanograph 
technique will he of laluc in locating subsiernaJ tumors has not jet liccii 
established » 

Once the panthj roid pathologj has been uncov ered, tlie question aa*os 
ns to what to do about it 'fhe dvci'ion will ilopond on whether the patho! 
ogj Is a single ailcnoma, multiple adenomas, or pantlij rmd hvpcrirophv 
rurthermorc, m deciding how much ti'suc to remove, one will lio influenced 
b> the state of the remaining normal paralhjroids, bj the height of the 
scrum phosphatase level and b> the level of the kulncj function 

Whether oiiendealingnith lumororhvpcftroplij cm usiiaJJv liedieidtd 
b> the exponenced opcritor from the gros-s appearance of the gl ind [C«l>e 
(1911)1, in anv cise » goal frozen section will mdilj stvttle the question 
because of the tremendous inrrcasc m the mzc of the cells m the hvTxr 
trophj tjpc of pathologj Thru, if there has lioen no iKmige to pan 
ihvroid tiS'ue from previous operations, if the ‘^■rum pltospliafa.se i« not 
elevated and if there is no renal in'Ufficicncv , one would remove all of a 
single adenoma and all of two adenomas To Ik* •aire, if one found a single 
adenoma and did not know whether fhire was another, one woull be 
ju-tificd in stopping the operation after one '-idi of the neck had iKcn 
explored and m wating to tee if the patient made a complete neoverv 
This v\ould lie n licttcr pi in of procedure than "taking a quick look" on the 
other side, which probablj would not reveal a second adenoma and which 
would make a HconcI operation more difficult If the pnnthvrojd enlarge 
ment turned out to Ik* the rc*-uU of hv jiortrophj , tlie «urgeon -houM then 
attempt to uncover all four paratlirjoid glands, he should amove thm* <f 
them i« Mo and Icav c bcJiind with a good blixxl supplv about 200 mg ef 
tlic fourth [\Uinght, Sulkowilcli, and Bloomlwrg (I^'IS)J ^ 

^■cedIc■^s to sav , if the patient liah had pn vious operations on the ^c<•^ 
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uUh in unknown amount of dc'truction of the norma! parathjroid ti-^ue, 
one would probabK not resect i paralh%roid adenoma complctejv unless 
onecoulddemonstrateoomenormalremainingparatlij ro d*i «uc Further 
more, as will appear m the following section, if a patient has marked bone 
disoa'«c and a high ‘icrum phosphatase Ie\el, the complete elimination of 
the state of hi pcrpanlhj roidism at one sitting will lead to <eierc post 
opcratiie tetanj It has been, therefore the polica m the Ma'^sachuselts 
General Hospital Clinic iii such ca«cs to rcmoie onlj a part of the para 
thiTOid tumor at the first operation in ottlcr to prevent «c\erc po^t oix?m 
tnc tetanj ,* if the slate of hyperpanthxroidi^m recurs the remainder of 
the tumor can be removed at a second operation Surprising)! enough 
several cases have gone over five >oan> without a •second operation licing 
netesbitatcd Fmallv, as di'Cusseil under ‘^econdarj Ilvpcrpirathj'roid 
lam (we p 115), in the presence of kidnev damage with a tendentj to 
p)i i phate retention one remotes Icn* jiarathvroid tissue thin one other 
vviso would 


(I) Pa’ll OjKralue Course and rrrotairnt 
Iho discussion under this heading will lie divided into (a) past operitue 
course when disease is not complicated h> osteitis filiroNi genenlisata, and 
(b) post operative eour=c w)ien disci'c is coroplinlcd b^ osteitis fibrosi 
gcncralisata 

(1) Post Operative Course if Vo Osteitis Fibrosa Gcncrahsata 
If tlie hj perparathv roidism is not complicated hj hone disease one e\ 
{icetb the same inetabohe ad;ustmcnts following the removal of the tumor 
as ot cur after ees'sjition of parathv roid hormone admmist r it ion to n normal 
mdiv idual Such is the case Ihc scmm calcium fulls to norm d (hut not 
hclow normal) within one to four davs the scrum phosplionis m most 
instances promptlj risos although (his is not a constant finding (see ca«c 
iSo 7) In uiv event there J5 an immidiate fall m both the cajcium and 
phosphorus excretions in the imnc moreover the decrease in the phos 
phorus I xcrrlion is greater Ih m can be explained bj the decrease m the 
laleium excretion on the assumption that the changes represent diminished 
mohihzaiion of calcium phosphalefnim the bone (ratio of calcium to phi>s- 
phorus npproximattlj 2 1) It is evident therefore, oven in thase ci«cs 
wlierc the serum pho phonis docs not promptl> rise, that phosphorus is 
collecting somewhere otlier than as calcium pho phate in (he Imncs 

Some mtcrpsling and Inrctofon* iinpublislied data wore obtained on a 

• With improved In iwJcdps of Ihenij v ho (ate liccorne Jom car «erv alive a* re 
gnrils the reinov at of a ( nratl j ronl a lonan a in (oft at ll o f wt operation 
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patient ^hose histoo 13 presented in more detail el'Oiihere [«ee Albnght 
Bloomberg Castleman, and Churchill (1*04) auc 1G\ 

Metabolic Stud> No 1 

Ca<=<5No 7 Hj'perparathyroidi'smduetoHs'pertrophj ofAllFourPara 
th> roid Glands ithout Bone Disease and With Benal Calculi, Effect of 
Parathyroid Operation on Calcium and Phosphorus Jretaboliam 

T F (MG II 333011), a 26 }ear old mate, presented no evidcDce of iKtnedis 
ea«e a normal serum phosphatase le\el a historj of renal colic, and no impair 
ment of renal function During this experiment which started two daj-s before 
and continued until four da>-s after the parath>TO)d operation, vnncnaacoVected 
in four hour periods, at the beginoing of each period the patient receiicd 16 
ounces of milk — his only food or fluid The urine for each period was nnabted 
for calcium and phosphorus The operation was done under local anesthesia to 
as not to interfere with the metabolic studies The palholog> turned out to be 
parathyTQid hi-pertropby, only two of the parath>Toid glands being removed at 
this operation This was not quite BuSeient to return the patient to a state of 
isoparatbjToidisni, but as will be seen there was a ver> definite lowcnDgof the 
degree of hyperparsthjTOidism, a second operation was performed /ster 
In Fig 47, wiuch shows the metabolic data, it wiU be seen that in the first four 
hours after the removal of the paratb^TOid tissue there were definite decreases m 
the urinary phosphorus excretion and the serum calcium level The main purpose 
of this illustration, however, la topoint out that the fall in the unnary phosphorus 
eaeretioo is out of proportion to that in the urinary calcium excretion Jo Fig 
47 the scale for the urinary phosphorus excretion is twice that for the unnary 
calcium excretion so that the Quctuations of these two variables on the chart 
should be equal if the changes were dependent on decreased calcium phosphate 
mobilization from the bones (rslio of calcium to phosphorus area 2 If It 
will be noted that in spile of there being no post-operative nee in the scrum 
phosphorus level, the decrease in the unnary phosphorus excretion was proper 
tionately much greater than that in the urinary calcium excretion If one 
aisumes probably correctly, that there was no ergiufieanC change in the feesi 
excretion, one must conclude that phosphorus was being retained samewlcrc 
other than in bone ti^uc, possibly in intracellular fluid 

(2) Post Operate e Course in tlie Pre«eDCc of Osteitis Fibrosa Gcneralisata 
If the hy^perparathyroidi*^ is complicated by osteitis (ibro«a gcncralisAta 
the reraoxal of the entire cause for the du«ase in one operation will almost 
im anably be followed by a faff in «enini cataum to tetany lev eJs Further 
more, the «erum phosphorus jnrtead of rising will fall, and the elevated 
<!enHn phosphatase will actually rise further Calcium and phosphorus will 
practically disappear from the unne 
Fig 48 was constructed to emplia'iie that the ««nim calcium level falls 
below normal only m those ca«es which pre-opcrativcly haveostctisfibrt^ 
gonerali-ata and hence high scrum pho<q)hatasc lev els Incidentally , the 






Pig 4S Pre and Po«t Operative ^rum Calcium \ oluea in 3o Proved Ci^cs of 
ffy'perparatbjToidism 

The values connected bj dotted lines are on patients with high R.nimpho'phataie 

levels Asterisks denote points at which «econdarj p3ratb}T0id oi>erations « ere per 
formed Note that eases with high phosphatase levels and therefore wilhl>one 
disease are distributed evenl> at various levels of hj'pcrcalcemiapre-opcrfltivelj 
however note that these cases all developed bj'poealcemia post-opentnelv tor 
further diacitssion, sec tevl (From \Jbnght, Sulkowitch and Ploomberg I 


patient several jears ago in conjunction with Dr alter Diwcr and 
Granville A Bennett are reported The^ data were presented I neflv 
before the \ssociation of ^kmencan Phjaiaans m "Maj , 1934 bj Dr fdter 
Bauer but hav e nev er been published 
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Metabolic Study No 2 

Ca«e No S Hj ponpantlij roidism withOatcUts Fibrosa Gencrali«ata and 
Ncphrocatcinosi3,RemQ\al of Parathyroid Adenoma, Senal Pone Biopsies 

J C 01 G II 327913), a male aged 33 jcars, complained of pain in liis legs, 
weakness, and loss of weight The diagnosis of lij'pcrpar8th>Toidism w is made 
I)} Dr Alice Ettinger and Dr Heinz Magendantz (1030 when their roentgeno 
graphic studies reicnled fine calcium deposits in the kidnej pyramids (sec Fig 
49) and the patient was referred to the Maas icliusctts General Hospital for study 
I \Ihrij,ht, Baird, Cope and Bloomberg (I93t)| His scrum calcium was 17 0 mg 



Fig 49 Case A o 8 Hjpcrparathyroidisin with Ncphrocalciiiosis \ ra\ Iilnia 
of I\idnc>8 to Show Fine Calcium Deposits 


per 100 cc , his serum phosphorus 3 0 mg per 100 « , and his scrum phosphatase 
22 Bo lanskj units Benal funclioiii tests showed definite kidney impairment 
A single pirnlh^TOid tumor w ns found and remo'C i on March 25, 1933 follow iwg 
which the pUicnt dc\ eloped rather severe tetany from winch I c gradually re 
covered He proceeded to gain strength and weight and was coii«!dered much 
belter until 1930 At this time llicrcnsl jnsufTiciency IwcsmernpidU worse and 
lie died in uremia on May 3 IIKJO 

The studies include metabolic data before and after the ojicration and hone 
biopsies at the time of the operation, 8 days after the operation, and 119 days 
afler the operation 

Tlio metabolic data are shown In Fig 80 One notes the rapid fall m scrum 
calcium, the slight hut definite fall id the scrum phospliorus, and the slight rise 




Fig 50 Metabolic Data Showiog Effect of Removal of Parathyroid \denoraa oQ 
Unnarj Calcium and Phosphorus Excretions and on Scrum Calcium, Phosphorus 
and Mkahne Phosphatase Levels ina Patient snth UjTicrparathjToidiam and 0“tciti3 
Fibrosa Generalisata 

The unnaiy values nerc carried out onn S-day period before operation, on S hour 
periods for the ffr«t three days after operation, and on 21 hour periods dunng the 
third to the eleventh post-operaUve days The scales for the unnary calcium and 
phosphorus excretions are the same, that of the phosphorus not being twice that of 
(he calcium as in most of the charts 

Especially to he noted arc the rapid fall la both the calcium and phosphorusun 
narv excretions the fact that the rerum phosphorus level fell as well as the scrum 
calcium lev el and the slight but definite rise in (he serum alkaline phosphatase leirl 
further to be noted is the gradual return of the «rum lev els to normal Attention « 
also called to the fact that in spite of a fall in the scrum phosphorus level, there ua 
relativ ely much greater fall in the unnary phosphorus esrrction than m the unnary 
calcium excretion (0 75 gm per 24 houra of pho*'phorus as compared with OiH gm cf 
calcium) Tbe«e findings are in agreement with those of Fig 47 
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in the scrum phosphatase after the operation together with the immediate and 
almost complete disappearance of both ealemm and phosphorus from the urine 
The reason for these changes is apparent when one Btudies the bone biopsies 
In Fig 51 photomicrographs of three biopsies are reproduced together with sclic 
matic interpretations In the biopsy taken at tl e time of the opreation one notes 
the expected findings viz bone surfaces about equall> divided between bone 
forming and bone resorbing surfaces, man) osteoclasts on bone rcsorbing sur 
faces many osteoblasts on bone forming surfaces, and no increase in width of 
osteoid seams indicating that matrix which is being deposited bj otscoblasts is 
being immcdiatcl> calcified It will be noted in the schematic diagram that the 
source of calcium and phosphorus for the osteoblastic surfaces is derived from the 
osteoclastic surfaces Now , w hen one turns to the biopsy taken 8 d ij s after the 
operation, one notes the complete disappearance of bone resorbing surfaces and 
of osteoclasts, the covering of all surfaces with osteoblasts and the presence of 
wide osteoid scams It is quite clear that the little calcium and phosphorus that 
nasmthe bodyfluids has bcenmosllyeuckedinto the bones that tl ere is now no 
source of supply of calcium and phosphorus with which to build bone, and that 
the osteoid seams are therefore wide The elevation in the scrum phosphatase 
level furthermore, may very well bo due to tbc fact that all surfaces rather than 
only halt the surfaces are now covered with osleoblasts It will be noted that 
both the blood chemical and histological findings at this stage indicate osteo 
malacia In the biopsy taken ot 119 days, the findings have reverted almost to 
the normal state of affairs 

The importance of titese observations, from a clinical point of view, has 
to do with the treatment of the postoperalue tetanj Of course, the 
most important thing ui the treatment of this condition is its prevention 
To this end, it used to be the practice in this clinic not to cndicate com 
plctcly the state of hyperparalhv roidtsm at one operation m patients witl 
very high scrum phosphatase levels It should be cmpliasized, further 
more, that the tetany encountered after removal of a parathyroid tumor 
may be much more severe than tliat ever seen after removal of paralhj rotd 
glands in the course of a thyroid operation The treatment, likewise, is 
very much more difficult It may at first seem surpnsmg that it is impos 
Bible to elevate the serum calcium with parathyroid hormone Just why 
this IS so indeed, is not altogether clear As pointed out abov e, the cau'ie 
of the tetany is not hy poparathy roidism by osteomalacia It w ould seem 
that, once the trabeculae are all surrounded with ostcblasts, the bone 
tissue IS insulated, as it were, and cannot give up its calcium and plios 
phorus to body fluids (see p 206) It is also highly unlikely that A T 10 
or \ itamm D w ould bo of benefit m raiding the serum calcium lev el Both 
of these agents increase calcium absorption from the gastro-mlcstinal 
tract This, however, is not the difficulty The problem is to keep the 
talcium in the blood from going into Uic bones Such a patient sliouUl be 
put on a low phosphate intake After all, the ealemm leaves the blood as 
calcium phosphate to be precipitated m the bones Tlic le-vs the phos 
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phato, the less the precipitation of calcium into the bones Hence, the 
patient should be on a high calcium, Ion phoephorus regimen Tins means 
no milk or chcc«e In the authors’ experience the onlj successful uaj to 
deal nith the situation is bj the giiing of a continuous mtTa\cnous m 
fusion contammg calcium gluconate or calcium lactate Thus m one 
patient (E K , M G H 344332) •who had verj «e\cre tetanj i\ith genera 
lized convulsions 100 cc of ten per cent calcium gluconate m 1 000 cc of 
five percent glucose ere administered mtravcnouslj by sIo\s drip dailj 



Fjr 53 \ lUy Films to Illustrate effect of ETlirpatioa of Paralh>Toid Adcnom'i 
oil True Bone C)"at8 as Opposed to ' P«cudo Booe Cj’sls ’* 

(A) X ra> at lime of operation, (D)\ rBy-li>ear9 after operation (patient Af G If 
310023) Is otc that stic appearing lesion lo third metacarpal bone remains cssenti 
allj unchanged n Inch indicates that it n ns n true c>'8t , w hile cj stic appeinnK lesion 
m second metacarpal bone has been turned into den^ bone which in heates (hat it 
was a ' pseudo-cyst” 

Of cour-c, in time, tvccks to months, The hungry bonc^” become filled 
up uith calcium and less subject to stresses and strains, the serum phos 
phfltaso falls, and the bypocalcemift and tetany disnpjwar 

(3) Healed Osteitis rd)ro->a Gcncralr-ata 
The end state of the skeletal lesions after remo\ al of a paratht rotd tumor 
IS not normal bone, at least not inthin the first fire years In the first 
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place true bone c3“ls (t e thoaeconta\flingflmd)aUs'v>srcmatQbonec%«ls 
Tleir walU calcif\ but it is hard to sec how thej themselvca could 
fill m («ee Fig 52 and o3) In contradistmctjon p-cudo-bone c\ats 
(i ( those mch as osteoclastomata containing fibrous ti-cue) become 
reorganized and cicntuallj filled m with bone Tlien it must be remcm 
bered that although the bonea arc decalcified jn osteitis fibrosa gener 



Fig 51 nested Osteitis Fibrosa Ccncralisals in a Cw of II>^K^parathJTOlJl^^l 
Crosa-Seet on of Stull 

Patient N U O^Oll 3(rC21> diedtrj monliisatlcrparatlir^o dertomT Note 
tt at instead of on inner and an outer plate «n(bd ploe lobetneen tf ems t oie nterel} 
a Bol d mass of bone t ssuc 

alv-atst tl« {Tamtv;OTW on v. bvd\ V udd boiic vs fvetuaHv vnerra^ed Tb\i 
tlie marrow spaces are crowded out b3 tucucwlucln forming bone matrix 
Now when tl e pamthjroid tumor is removed and all bone destruction is 
“toppctl tl e repair proces*^ proceeded a great deal further tluri to the re^ 
titiition of the nonnal amount of bone tivue (’■ec Fig >3) One cncoun 
tors a \ cn denH skeleton the skull for example irutead of con i ting rf 
two plates, with diploS between is compotcd of a «obl ma’=s of bone (‘ce 

Fig M) 
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(A) Definition 

B> secondarj hyi)crpani(b>roitlism is meant a state of afTairs where 
bociu&e of some modifying circumstance more parathjroid hormone is 
needed bj the bodj than under normal cirtumslances The condition 
probablj occurs under the foUowut^ cireumstances calcium deprivation 
due to diet pregnanej lactation nc! ets and osteomalacia and chronic 
nephritis Onlj the last tw o of these conditions w ill be discussed here 

(B) Parathyroid Patkoilogj tn Secondary Ilypcrparalhyrotdisni 

One finds of course hjpcrplasia of the parathiroid tis lie in «econdan 
hjpcrparathjroidism Clmicallj the condition reaches its most marked 
degree in cases of long standing chronic renal insufilcieno The lustolog 
ica\ charactensties ha\ c been described by Castlemnn and Mallorv (193o) 
Tlie glands vari in size from perfeetK normal sized glands up to ones which 
are almost 100 times normal ^ize E\eept in rare instances hovcvtr 
the> are decidcdlj smaller than the glands seen in hypcrtronh> of the 
parathjroid glands (ndc swpra p al) Costleman and ‘Mallorj listed 
the following characteristics 

(a) a decrea*‘o or absence of intercellular fat tissue 

(b) a predominance of normallj sized chief cells 

(c) an absence of mtto«os 

(d) more numerous ofvphil cells than one would evpccl for the age of 

the individual and 

(c) a somewhat higher gljcogcn content of the cells than one would 
evpcct in adenomata or m hjpertropha of the parathvroid ti«sue 
It should be noted that anhj pcrplaslic gland cv en when not nnj larger than 
a normal gland is probablj producing \ erj much more hormone since tlie 
fat colls ate all replaced by epithelial cells 

(C) Secondary Ilypcrparathyroidim ta Renal Disease 
(1) ^\ ith Phosphate Jlctcntion 

In patients w ith renal mmlTiciencj m whom there is a retention of non 
protein nitrogen there is almost alwajs a retention of scrum phosphonis 
Such mdi\ iduaN at po-it mortem show nnh\ jieriilasia of all four parathj roid 
glands In rare instances of long duration the condition ma\ be accom 
panicd bj generalized I one di«cn‘5c In adults this bone di'^are as far ns 
the authors arc aware is uulislinguislahle from the osteitis fil rosa gencr 
aliNit i associated with hjpcrpamthjn idism and the authors h i\e us«l the 
term renal o-stcitis filiroM generalmla , in describing this condition 
[\lbnght (1930)] In children before union of the cpiphjscs one cn 
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counters the earao bone changes plus cliangcs in the epipJnscs The 
authors Ime seen two cases* wnth biHlcrat slipped femoral cplph^■s^a m 
adolescent indniduals Inasmuch as the chang?>s in the epiph\scs gi\c 
an appearance in the roentgenogram similar to that seen in rickets, the con 
ditior In" lieen designated ‘ renal nekets” ActualK the cpipln «eal lesions 
in renal rickets under the micro cope arc not tho«c seen m true nekets 
{\lhright, Drake and Stilkowitch (1937)J rurthcntiorc, it should be re- 
membered that osteitis fibrosa generah«ata due to h\ pcrparathjTOidi«m and 
uncomplicatetl In kidnej damage is not associ ited w ith cpiph> «eal legions 
in children (see p SS) Tluw, all that can be said is that the bone lesions 
in renal nekets" histologicall> are more like those seen in osteitis fibrosa 
generihsata than in anj other condition, howeaer, thej arc associated with 
changes in tlio cpipln ses which do not occur in Inpcrpamtlnroidnn and 
whiciibj \ nl^ rescmhleacrj closel> those “wn in true rickets 

It 13 the authors’ opinion (sec p 231, and Fig 118, p 233) that the se- 
quence of c\cnts leading to the pamtinroid h>perplasia is as follows 

(a) kidncj insufficicncj , 

(b) phosphoms retention, 

(c) tendenej to a low «onim calcium level ns an adjustment to high 

*enim phosphorus level, and 

(d) hj perplasia of the paratln roid glands to meet this tendenej 
Drake, Albright, and C%stlcman (1937) wore able to produce lijperpl3«ia 
of the parathjroid glands in rabbits b> the parenteral injection of phos 
pliates It follows, therefore, that the phosphorus retention m chronic 
renal insunicicncj would probablj be much greater were it not for this 
compen«atorj hjpcrplasm of the paratlij roids Up to this point most m 
vesligators arc prettj well m agreement 

The ne\t question n, I) is t}to rcitUen of Ote pinthjroKl h} perpiasn 
to the bone clianges’ To those who believe tliat the parathv roid hormone 
acts direttlv on bone ti‘>suc the obv lous explanation is that the mechanism 
for the bone disease is the same as in pnmarj hjpcrpamthjToidism To 
the other «chool, vrhich believe^ tliat parathjroid hormone acts bj fip't 
cau'iing a depletion of fluid pho>phates it isdifnciill tosechow onj “oquenre 
of events which starts with ntention of pho«phitcs leacLs to bone di'SXL's? 
In the author-’ opinion the bone di«ea>e is not directlj connected with the 
secondarj hvpcrparathjroiih'm but istnlirclj dependent on the associatc<f 
acido'>is which is mvanahlj present, m Ihcir cxpcnence, in the^ C3«es 
I or further di‘-ciK-*ion of the sequence of renal Osteitis fibrosa generah'-.ita 
•-ee p 231, and I ig 118 Tlie fact tliat the l>onc di«ease re-ponds to mens 
urcs which overcome the acido-is but not the phosphate retention (un 
puhli'heil data) is an argument m fav or of the authors’ point of v icw 
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Fig 55 Hcni] Oatcitis Fibrosa Gencralisata X ray Film of Hand Showing Cal 
cmm Deposits Around Joints 

[From Albrigl t, Drake and Sulkowitch (1037)] 


The clinical cliaractcristics of renal osteitis fibrosa genernh'^ita m ailults 
include renal msufficicnc) ^\hich is long standing and se\crc> nitrogen and 
phosphorus retention normal or slightly low senim calcium le\el, M!\crc 
acidosis with a low COt combining power of the •scrum and tilhcr a high 
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serum chloride lc\ el or a low serum sodium le\ cl, artenosdcro'is of Iho 
Monckeberg tjpe (medial nrtcno^sclcrosjs), n high serum pho^plnlase JeieJ, 
and sometimes calcium deposits around joint** The follow mg illus 
trates some of these points 



Fig 56 Jlsna\ Osteitis Fibrosa Cencralisata ‘'Clla) Picture of ^erle^>r^(^ntAu 
tops> to ShoM DecslciGcation and Herniations of Nuclei Pulposi into the ^ ertibrae 
[From Albright, Drake and SulkoHitch (1937)i 


Case No 9 Renal Osteitis Fibrosa Gencrah'*ata, Parath\roid Iljpcr 
ptasia 

F L 8 (M G II 31tli07), n45 jearold male died of rcii'tl insutUciencj ihs 
chief complaint on adnussion to tlie hospital nas p iinful Rucllings of tl c fingers 
which were first considered to be gout and were later proved to l>e due to calcium 
depositsaround Ihejoinis (see r»g 55) Heluid becndiagnostdas Jwivjng 'in 
curable Bright a disease” twenty three jears prcMOusly 

The important laboratory findings were albuminuria -f++. rare red and while 
cells and hyaline casta in the urinary aedimeiit secondarv anrmia, an elevate 1 
non protein nitrogen (120 mg per 100 cc of whole blood), fix ition of urinary 
specific gravity a very low plicnolaulphonphtbalein excretion, a high iM'runipl oa 
phorua level (98mg per 100 cc ), adightly low serum calcium level (8 2 mg per 
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100 cc ), n higli semm plio‘!pl>atftse level 9 4 Bodansky units), a \er 3 low serum 
carbonate level til 6 m eq per liter (normal, circa 20 m eq per liter)), a sliglillj 
high serum chloride [106 I m eq per liter (normal, ctreo 103 m cq per liter)) and 
n very low scrum sodium [I272meq per liter (normal, circa 140 m oq per 
liter)) The«e findings n ere considered to be consistent with a quiescent, chronic 
glomerulonephritis 

The roentgenogram rc\ealed generalized decalcification, with the “ground 
glass’’ skull identical nith that seen in the osteitis fit rosj generalisata of h>pcr 
pir ilhjroidism (sec Tig 24 B, p 60), and with herniations of the nuclei pulposi 
through the end plates of the \crtebrac (see Fig 5C) 



Fig 37 Jleai) Osiettia 1 linvgit GfiWTthsiltt Pholograpb of hi<iiic}3 and ^ieck 
Organs at AutopS) 

Note marked enlargement of all four paratli>TOids— A, B C , and D, and small 
granular kidneys (From Albright Drake, and Sulkoi'ilch (1937)) 

Atautopsj all fourparathjTOid glands Rcre huge (sec Fig 67) Thekidncis 
were vcr> small and granular and again suggested the healed stage of chrome 
glomerular nephritis, if there is such a thing The blood ve'»«eU showed marked 
MSnctehej-g'a seiercisis JJisJtJqgJCaJ flwJjes showed t>yoeaJ osteitis libroea 0 / 
the bone (see Fig 68) and h>i>crplasia of the parathji-oid tissue (sec Fig 24 
P 52) 

Since, according to tlie authors, acidosis >3 the cause of the bone disease, 
the mam tlienpeutic indication ja the admmHtralion of tome alkaline 
mU, c g sodium citrate, m sufficient quantity (ctrm 2 to 3 grams 1 times 
dftilj hj mouth) to restore the cirfion dioxide content of tJie fenim to a 
s.iti-factor} (nrca 23 m eq per liter) if not normal lc\cl (cirra 20 m oq 
per liter) Cilnc acid tan be added to the «oduim cilnte to make tlit 
intestinal contents more atid and increase the absorption of calcium (see p 


120 niL r\ii.MmnoiD cuknds and metvbolic bom DiSL.\<5f 

234) To Ik; «urc, the o\crcommg of tlip actdo'H bj the ftbo\c thenpj m 
the prc‘>ence of a Io« serum calrium Jeiel mnj lead to tefinj , thi-nlingcr 
m actual experience turns out to be more thioretical tlmn real 0>er 
coming the acjdo-is ^tops the lov. but <loe< not lead to a Natisfi ing retention 
of calcium Tins end is attained bj administering together amUi the alkali 
Vitamin D in large quantities (enro 50 000 units diiJj bi month) and a 
calcium salt, e g calcium gluconate (circa 5 grams 3 times daiK b\ mouth), 
to assure a high calcium uptake 



Fia 5S Renal Osteitis Fibrosa Generahsata 1 lotomicDKrnph of Hone Itiopsj 
Note that bone lesion is the same as tliat seen in osteitis fibrosa Eeneralisala result 
ing from hjpcrparath^Toidism — sec Fig 51 \ Jfrom Albngbt Drake, anil ®utko 
ttitch {1037)1 

As far as the bone disease is concerned the results of the nliote thenp> 
arc most ‘.pcctacular (unpubbsliwl data) Skeletal samptoms nrcrclietcd 
almost at once, and unequnolcal improtement hi Ik raj can be demon 
stratcil in about two months Tins thcrapj, of coutv?, does not matenallj 
affect tfie uitunite serious progno<J> as regards kidno failure Jt w dis 
appointing tlial neither the anemia nor the kidnej function arc improtad 
bj elimination of the acidosis Other mea»!«rcs u-aiallj employed for the 
treatment of the renal insufitciencj should be mstitutcrl but arc of little 
aaail Tlie anemia u most resistant to thcrapj of an\ kind 

It lias boon suggested tliat the sequence of events leading to the l>one 
dt«oase might lie 1) decreased phosphorus excretion in the urine, 2) m 
created serum phosphonis lev cl, 3) increased fiscal phosphorus excretion, 
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4) formation of insoluble calcium phosphate m the gut and 5) decreased cal 
cium absorption from the gut Bccau e of this suggestion it was 1 oped 
that the administration of aluminum hjdro\ide would interrupt this so 
quence by leading to the formation of insoluble nhimmum phosphate in 
the gut It was found that the administration of aluminum did result m 
an increased fecal phosphorus a return of the serum phosphorus lc\ cl to 
normal and a rise m the senim calcium lc\ el to normal Init the net result 
iras marJiedJy cegstn e plwsphorMs and cstottm ba}'incc3 and a Moryening 
of the underlying bone disease After all calcium phosphate can not be 
deposited in bone if there is no phosphate’ 

It will be seen that there are three conditions which must not lie con 
fused Thej are (a) primary hyperpamthj roidi^m with osteitis fibres 
and kidney disease due to a parnthj roid adenoma (b) primary hyperpar i 
thjroidi'im with osteitis fibrosa and kidney disease due to idiopathic para 
thj roid hj pertrophj and (c) renal insufficicnc> withacompcnsatorj lijpcr 
pljaia of parathyroid tissue and osteitis fibre a gcncralisata 

One case has come to the authon. attention {Downs and Scott (IWl)) m 
which primarj hyperparathyroidism and secondary hj perparaths roidwm 
w ero present m the same indi\ idual The sequence of c\ en ts w as apparently 
as follows (a) primary hj pcrparathyroidism due to a parsthj roid adenoma 
(b) increasing renal insufficiency (c) such a degree of mnal insufficionc> 
tlmt more parathyroid hormone was ncc<lcd because of the tendency to 
phosphate retention tliau was being produced b> the adenoma (d) roault 
mg hj penihosphatemia (c) hiTioealcomia and (f) hj perplasia of tho re 
mainmg parathyroid glands 

Dus case teaches an important Ic son In a patient w ilh primary hj per 
paratli> roidism and marked kidncj damage the surgeon should probablj 
Iea\ 0 behind considcrablj more parathj roid tissue tlian ho othen\ isc w oukl 
Thisusuallj means doing a sub total remoaal of tho parath>roid atlcnoma, 
otherwise tho patient will probablj develop sejerc post operative hjpo 
calcemta and tefanj 

(2) ith 1 ubular Dj sfunction but ilhout Phosphate Retention 

One also meets coiupensalorj hjperparaftijToiclL.m in a speciric iorm of 
renal tubular disease m which there is rclatuelj little glomerular insufii 
cicncj This IS discussed in detail m Chapter 7, p 227 



CHAPTER 4 

.^lODE or ACTIOA" OF WTA^WSl D* AND 
DmYDROTACHYSTEROL (ATlO)t 

The following di cu<!aion is taken almost -verbatim from Albright, Bur 
nett, Parson, Rcifenstera, and Roos (mc) Man> of the«e data on^nall> 
came from Albnght and Sulkowitch (1938) and Albnght, Bloomberg 
Drake, and Sulkowitch (1938) 

I STUDIES OP \CTIOV OP VTTAMD. D 

It should be empliasized that, in order to unrav el the action of v itsmm 
D, it 13 nece&sarv to studj its effect on parathj roidless indiv iduals, other 
wise one runs into the danger of considering as pnmarv sequelae of the 
action of \ itamm D clianges which arc secondarj to an alteration in ac 
tmtj of the parathv roid glands There arc sev en points from these pre 
V lous studies which the authors would like the emphasize 

(A) Point J Jielafwn of Vttamtn D to Fecnl Calaum and Phosphorus 
Exereltons 

Thestirting-off point of anj discussion of the action o/v/tamm D « the 
rcpeatedlv demonstrated fact that its administration decreases the fecal 
calcium and phosphorus excretions This was clearly shown h> Bauer 

* la ttua section no distioetion is made betveen vitamin Di (activated ergoateroi 
calciferol and viosterol) and vitamio Dt (actiialed T-deb^drocbolestero] ) U1 llie 
metabolic studies reported were carried out witb vitatnjn Dt \ itamin Dt is a pure 
crystalline substance prepared by ultraviolet irradiation of ergo'terol, it bas a 
potency per gamma of •fO tf S P unitsof vitamin Dor of ^0 mg of an rntematronaf 
Standard Solution of irradiated ergosterol It is potent by mouth There is no 
vitamin D Vitamin D (unspecified) is a general term for all compounds in this 
group 

t Diby drotschystcrol or A T 10 (anliletamsches Praparat \r 10) is a crystal 
line dernative of an ultraviolet irradiation product of ergosterol It is a«ilable 
in oil containing mg per cc Prior to June 1042 the same preparation was 
labelled 5 mg per cc bccau«e of the presence of then unrecognued inert materials 
It IS potent by mouth A T 10 is distnbuted in the United States as Ilylakerol 
by the Wmthrop Chemical Company \cwYorfc N V 


Fig 59 Effect of Vitamin D on Nitrogen Phosphorus and Calcium Vfelabolisms 
in a Patient with O'teomalacia Secondary to Steatorrhea 

For eiqilanation of construction of chart see Appendix page 309 
Note low urinary calcium excretion throughout and markedly decreased fecal 
phosphorus and fecal calcium excretions upon administration of Mtamin D in period 
29 [From Albnght, Burnett Parson Reifenstein and Iloos (19J6), diagram con 
structed from data of Bauer, Marble and QaBm (1932) with permission of the 
authors and the Journal of Clinical Investigation] 
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t iiiaCion of rnnMtru«tinnnf cf art Dev Ippcmfit pafrSO^ 

Tl c f/jart 19 (>f‘Jf-<»xplanator\ Tl c pomtii in tfiA lest »« tl a nw tn 

fecal calcium and plrnsj honn excretions f lUowinR an merrw m calcium inlatc f*r«* 
(XTifxi* 3 (hrougli 3}t thr fatfun ? ocutescrrlioa whea f)*i ^ 

phorus Vkxs administcn d iniravenou«l) (Kee periotls C througli 0) or I c m utl* (ice 
jurifHls 10 anJ IJ), the fall In feral ealciuin anf jjosphciru* eterrUons 
a l/nini«ralion of vitamin P {*re periods S tl roueh 11), tl e failure of In rasr8«« 
pha«pl ortis to elev ate the iicruni pi o*] I rtis (•«* peno*!* C an 1 7) and the n»e la 
jerum pf (r«ph rus siithout an inrrrsae) unnarv pfoephorui rxcrrlioft foil mint 
administration of viiamin D (w {terioiLi 8 to II) [Irom All^ni:* t far 

»on, lUifeMlein, and Itooi (1016), rtcliarte<f from t and f 
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■\Iarble and Claflin (1932) in metabolic peneds. 29 through 45 ("vc Fig 
59) and is also ^^ell demQn«trafe<l m Fig GO m metabolic period*, 8 to 10 
m Fig 01 in metabolic periods 10 through 13 and m Fig 02 m metabolic 
periods 15 to 20 But this is not enough one w ould like to know whether 
the changes in calcium metaboh'TO ire due to changes in pho^honis me 
taboll^m or vice \crsa whether the decreased fecal evcretions arc due to 
increased absorptions from the gut or dccrea^sed re-e\crctions into the gut 
el cetera It is necessarj , therefore tocxplorc thc<c studies further 

(B) Point 3 lichlion oj Dietary Calcium and Phosphorus to hccal 

Calcium and Phospforus Excretions 

An increase in calcium m the diet increases the calcium in the fcccs and 
this in turn mcrca«!es the phosphorus m the feces on the other hand an 
increase of phosphorus m the diet has aery little effect on the fecal phos 
phorus excretion or on the fecal calcium excretion Tlicso facts were well 
brought out in studies on a patient with xitamin D resistant nckets («cc 
Fig GO) Wien the calcium m the diet was increased («cc metabolic 
penotls 3 through S) there was a definite mcrcave m the fecal calcium and 
phosphorus excretions on the other hand when the phosphorus which liad 
previously been given mtravcnouslj was administered bj mouth in period 
10, there was no increase in the fec.»l phosphorus excretion or m the verj 
low fecal calcium excretion Illustrative of the same point are th" dal i of 
Gargill Gilligan and Blumgart (1930) rccharlcd m Fig G3 on a patient 
with osteomalacia Note cspcciallj that the fecal phosphoms w is not 
increased in periods 21 to 24 when the phosphonis intake wa* lnc^ca^ed 
fivefold It should be noted that these findings are morels confirmatnrv 
of previous findings b> Nicolajspn (1937) on rats 

As a corollarj to points I and 2 it follows that vitnmm D decreases the 
fecal phosphorus excretion through its effect on the fecal c ilcium excretion 
This corollary was hkewi*^ arrived at bj 'Nicolnv'^n (1937) m his «tudies 
on rats 

(C) Point d Relation of 1 itnmin D lo Calcium Ahsorplwnfroni Cut 

(first Aeiionoi \ ttamin D) 

The dccrcascil fecal calcium excretion with xitamm D is the result of 
increased c ilciiim ab orption from the gut and not of decreased calcium 
excretion into the gut For the studies to demonstrate this (see 1 ig G1 ) a 
patient with idiopathic hj poparthj roidi«ra with a low scrum calcium 
level was chosen so that calcium given intravenou Ij would not immedi 
ntel> appear in the urine In Fig 61 it mil be notwl that when aid mg of 
added calcium dailj wore iidminislered mtravcnouslj during metalnvlic 
periods 4 and 5, there w ns no nppreaable change in fecal calcium excrct ion 
Later on (period 8) when the same amount of calcium was given bj mouth 
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there ^\13 ti m'\rkcd increa*^ in the fecal cnlcmro excretion Xoiv \\hcn 
\ itnmm D was admmi''tcretl m penot! 10 the fecal calcium excretion show eel 
a defimtc d( crease Thus, since it had alrcadv Ix-en eliown that the Ruinp 
of almO'.l nil of the calcium inlruenousl} did not rc&ult m an> mcrcasc in 
the amount of calcium appearing m tlie feces, this decrease of calcmn in 
the feces with xitamm D could not Imc licen due to decreawd (alcium re 
excretion into the gut, one cannot decrease something which is non-existent 
These findings aic m igi-eemcnt with tiioee of Hannon, Liii CJni Uang 
Chen, and Chou (1034), who found that calcium chloride admtm tered 
mtravenoush was retained m osteomalacia whieli suggested that the high 
feoal calcium excretion m that condition is the result of lack of cil-mm 
absorption and not of increigod re-cxtretioii 

(D) Hoi«t { Relation of ( alctitm \lt<!orpiwn \cltonaf \ itamin I) to 
iScrum and L rtnary Ca'ctum Lads 

The increased calcium absorption from the gut partly ixphms — at lta*t 
111 patients with osteomalacia or rickets— the rise m scnim i ilemm leccl 
md the increase in uniiarj calcium excretion which follow \itamm D 
thoripj The importance of the inodif>ing uhtib parth ’ will appe ir 
below Ihis rise m serum calcium lc\cl and uriinrx calcmm excretion 
w itli % it imiii I) tliorapj is well shomi m Tig 00, metabolic periods 8 to J 1 

(H) Point S Relation of Vtlamm D to Parathyroid Xctmhj and benm 
Phosphonis Lcid 

Jhe rising «cn.im phosphorus lex el following the administration of \ita 
nun D IS to be attnbutod only shglitK , if n( all, to (he mtrtaseil phosphonis 
absorption from the gut but mo«tlj to deereaM'd parathxroid nctuitj rc 
sultmgfrom then'emscrumcttlciumlixel 'Ihus lorcfcrag*iintorig GO, 
if increased phosphorus abM>rplion w js the cause of the rising scnim phos 
phonis lex el with xitamm D administration (see metabolic periods 8 

1 IR Gl Alclabotip Dati on I’lUcnl (I’ 11 MOH -tCaG) with hliopitluc IIjpo 
pjrntIi3Toi(Ii«m 

I or expl infttum of rouslruction of tliart «« Appendix, p igo 300 

Tiie fiRurD IS Belf-osplftiintorj The points cmptixaiied in the test arc the faituro 
of ciUcium ndmimslered intraxcnoust> to inmaM' the urinarj or fecal calcium ex 
cretions (sec |>enods t and 5), the martwl rw in feent calcium and phosphorus ex 
crclions w lion the exnic amount of calcium was administered l)j tnoulti (s'C period'* 
8 through 10), t1 e fall m fccnl c ilcium and phosphorus excretions follow uiRadminis 
trntionnf xit imin I> (see iierii lU 10 through I 3 ),nnd the failure of the serum calcium 
to rise w lien cnicium w ns gixen inlraxcnou«lx (ace jieriods -t and 5) as opj osed to 
the denmie rise in serum cxleiiim follnwiiig xitamm li (sec jienmls 10 through 13) 
nllhough tl e c ilciuni) 'iKnre a ssi>lx it< riiii)criod8 4 nndS than in }>ertt><ls 10 through 
n [From \ll right, Iturnett I'arsoii Uicfenstcin and Itoos (1910), recharted from 
\lhnght and NuUvowUih (P'35»)l 




For explanation of construction of chart see Appendix, page 309 
The chart is self-CTplanatory J»’otc that more than one half the cafcium intake 
waa gnen intravenously Kote the fact that the urinary excretions of calcium 
and phosphorus as the result of vitamin Dadimnistration (see periods 15 through 23) 
increased more than the fecal excretions decreased, thus leading to negative calcium 
and phosphorus balances, the fact that the sequelae following administration of 
dih,vdrotach,\ sterol (A T 10} were qualitatively the same as those following vitamin 
D but quantitatively different in that the ratio of the pbosphorus-excrction-cffect 
to the calcium absorption-effect was greater with dihydrolacbysterol than with 
vitamin D, and the fact that the serum phosphorus level fell more with dihydro 
tach} sterol for aoj degree of elevalion of serum calcium than it did nith vjtaroml) 
Not commented upon but of interest was the failure of the serum calcium level to 
rise above normal follow mg vitamin D therapy ^>eriod 30 to 22) , although the eerum 
phosphorus continued to fall and the serum calcium escretion increased at an ac 
celerated rale [From Albright, Burnett, Parson, Reifenstein, and Roos 
recharted from Albright, Bloomberg, Drake, and Sulkowitch (1938)1 
123 



Fig 63 irctabolic Studies on Patient *itli Osteomalacia of Queetionable Lti 
ologj —Possibly Idiopathic Ilj-periailcurfa 

lor explanation of construction of chart sec Appendix, page 309 
The points emphasized m the text ore itkrffi amount of calcium in tbe urine in 
spite of Bcicrc osteomalacia, decrease in fcca) calcium and phosphorus on ndminis 
Iration of vitamin D (see periods 5 through 14}, lack of effect of phosphorus intake 
on fecal phosphorus excretion (coaiparepenotls23-25*rithpcriads26-?7}andpnrallel 
ism between fecal calcium excretion and fecal phosphorus excretion (compare periods 
22-25 with periods 27-31) (From Albnght, Burnett, Parson, Ilcifenstein, and Koos 
(16t6), rcchartcd from Gargill, Gilligan^andBlumgart (1930), with pernuauon from 
vho Archives of Internal Medicine) See also discussion on p 218 
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through 11) the «crum phosphorus «liould ha^ e n-^en during periods G am! 7 
nhen a large amount of the pho^joru-^ nas given inlnveKoudj Such 
vvas not the ca»e in spite of tlie fact tl at the unnarv phosphorus e\cretion 
durmg periods G and 7 did increase marked]} On the other hand when 
vutamm D vras administered the «erum phosphorus ro^ vnth no appro 
oable change in the unnarj pho-phonic cvcretion Tims in metabolic 
penod G v\ ith a serum pliOTihonis level of 2 7 mg/100 cc the patient ex 
creted 24G5 mg of pho«phorus m the unne whereas m period 13 with a 
‘«enim value of 4 0 wg/100 cc he excreted 2370 mg m the iinne This 
lack of increase in the unnarv pliO'phorus excretion in the presence of a 
rising serum pho phonis level is most suggestive of a decrease ui the ac 
tjvjt} of the paratlivroid gland and in the authors opinion is =o to hem 
terpreted This point of view gams weight from the fact that when one 
administers vitamin D to parathv roidlcss mdivadual« the «erum phos 
phorus lev el does not n«e (n /e tn/ro) 

(F)P{>tni6 lieldiono/t ttammDloP}i/>^phorus£.zcre!ti>mN L^nrie 
{Second Action of \ tlamin D) 

\\ hereas all the «cquelac to the administration of vitamin D «o far mrn 
tioned are attributable in the authors opinion to the increa'^ed calcium 
ab orptiOQ from the gut there are other <5et)uclac which make it ncccssan 
to hvpothesize a eecond cfiuallv fundamental action of vitamin D namelv 
to cau'-e an increased unnar^ phosphorus excretion In the fir«t place it 
was shown bj Gvorgj (1930) that mas.ive do«es of vntamm D cause de 
calcification it would be hard to explain decalcification if the onl> action 
of V itamm D were to increase calcium absorption Tin second action of 
\ itamm D i- well brought out in Fig 02 which •shows etudics on a pitienl 
with idiopathic h} poparathj roidi'sra It will be noted that dunng tU 

acimmutration of large do«cs of Mtamm D (metabolic periods lo Ibroiigb 
19) the fecal calcium excretion fell the «crum calcium level rote and the 
urmai} calcium excretion ro«e all of which were to be exiiectcd but' the 
unnarj calcium excretion ro^?e more than the fecal calcium excretion fell 
•'O that the patient went into a strong!} negative calcium balancel The 
explanation is to be «ocn in the phosphorus metabolic data II ith vitamin 
D administration the unnat} phosphorus excretion ro«e more than the 
fecal pho phorus excretion fell and the '=eruin phosphorus lev cl fell It 
would seem that vitamin D m large do«es has an effect on pho'phonis 
metabolism similar to the panith>roKi hormone and that as duetiv^xl 
elsewhere {Albnght and Sulkowilch (1<«8)1 this effect of vntamm D on 
phoNphonis excretion m the unne is entirely separate from its action on 
calcium absorption from the gut That the increased phosphorus c.\eretion 
in the unne following v itamm D administration is not a sequela of tl c m 
creased calcium absorption w eboim in Pig 01 where the intravenous ad 
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raiuistration of calcium (periods 4 and 5) was followed bj a decreased 
rithtr than an increased urmm jAosphorus excretion 

A second piece of c\ idcnce that the two actions of \ itamin D are indo 
pendent of each other lies m the btiidics of Albnglit, liloombcrg Drake, 
and Sulkowitch (1938) from winch Ihej concluded tint dihjdrotachj sterol 
(A nO) a substance X erj similar to \itamm D lias the same two actions 
but m ft diiTerent ratio one to the other, jt was their conclusion tint diL> 
drotach>steiol has more phos.phoru«5 excrction-ciTect per Unit of calcium 
ihsorplion offeefc than x it mim D (see Tig 62 and C4) It should be noted 
m Tig 02 and 61 tint the scrum phosphorus Icxcl folloxxing administration 
of clihj (Irotachystcrol w is lower for an} level of soniin calcium linn follow 
ing the admmistrition of xitanim D 

In patients x\ ilh their parathj roids intact the “-ccond elTcct of x itamm D 
tomcieasetheurimry excretion of phosphorus iiia} bccntircl} marked b} 
the first cITect Thus the •K^qiicncc of exents — increa‘*ed ealcuim ab‘>orp 
tion rising serum calcium dccrca'^d pantlijroid actixitx depressed 
iinnarj pho'jphoius excretion ri>mg serum plio-sphorus level — results in 
the opposite effect on the phosphorus metabolism hence, whether the 
serum pliosphorus goes down or up with vitamin D administration will 
depend on which effect of vitamin D predominates Since one cannot 
decrease parifhjroid activity in paratlij roidlcss indnidiials tlie urmarj 
phosphorous excretion must n e and the scrum phosphorus level must fall 
with vitamin D administration msuch individuals (see Hg 01, 02 and 0-1) 

(G) Point 7 RclaUonof Vnnary Plo^phorus EitnUon Utionof 
Vitamin D <o Scrum Calcium Lcicl 

The rising scrum calcium level following Uic administration of vitamin D 
to a normal or hv poparath>TOid indiv idual is to be attributed to the urmarj 
phosphorus excretion effect and not to the calcium absorption efTcct of 
V itamm D I ig 01 is most instructive ns regards this point Wien 510 
mg of c deium dail} were administered inlrivenouslj to the patient with 
idiopathic hjpoparathiroidism (metabolic periods 1 and 5) there was a 
m irktd fall in the strum pliosphorus level and in the unnarj phosphorus 
excretion, but no nsc m the scrum calcium level, evidenllv caltium phas 
pliite was formed and deposited somewhere possibl} in the bones possiblj 
in the reticulo-endotliclial cells Quite different were the sequelae to the 
ailminiatralion of v itamm D (see periods 10 through 13) 'Ilicro inste u! 
of a fall 111 the unnar} pho->pIiorus excretion there was a tk the serum 
phosphorus level fell as it did following administration of calcium intra 
vinoiisJ}, but the senini calcium level rose in spite of the fact that the 
positive calcium balance resulting from the decreased fecal calcium excrc 
tion was less than the positive Wance resulting from the intravenou Ij 
administered calcium It is quite clear from these observations that to 
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Fig M MelAbohc Dali OD Patient C.MGJI HT27) with Idiopalkie 
parathvroidi«m Rechartcd from Albright. Btooai(>eri; I>rale, and SolKontfi 
to Contract fi Effect of DihydrolaehjatrroJ (\,T 10) with That of \1lanua D 
For ' construction of chart ten Kppeadix. ptgr 300 

hote pbof'jAomi Ifrcl for anr girea nee »a 
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raise the serum calcium Je;el m the h5popara{hjroid indnidual, and the 
same is probably true of the normal, it is necessary that space be made a« 
it were, by the remov al of phosphate so that more calcium can be disaoh ed 
m the bodj fluids In the patient ■with osteomalacia or rickets, on the 

+ 

Ps 








o 


> 

Fig C5 Dingram to illuslrAte Metabolic Sjiuelaoof Vilamin U Action 
{From Albright Burnett Pareon Rcifenslciri and Roos (19IC)1 

other hand, where the body fluids arc depleted as regards calcium and 
pbospbate ions, llic increa'Kid absorption of calcium resulting from \ ilamin 
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It folIow-B from the abo\ e <!iscu>^ton tint the pho^phonK-eNprctum-eiTcc 
of dill) drotado sterol or of \itamin D and not (ho cdmimal) orption 
elTect IS the significant propertj of IIksc snbstancos m (he Irojlmcnt o 
hypoparathjroidism, the comcr&e is true m the tre itmont of ONtPoma! un 
Thus, dihjdrotachystcrol would seem to lie the better agent m the treat 
ment of hypoparath)roid»«m, and iitamm D (he liettcr agent m (ho (reat 
ment of osteomalacia 

II THE TWO ACTIONS OP AITAUIS D AND TJIUn 
In Fig Go the two actions of Mtamin D and the \anom m'ijuoI leof eadi 
action arc summarized m diagrammatic fonn It will lie noteil that 
whether the serum phosphorus n^e•> (arrow 8) orfalU (arrow 10) will depend 
on whether the first action of aitamin D (irrow I) or (he second action of 
\ itamin D (arrow 2) predominates and tint in parathj roidloss uidn idii ils 
arrows 5 7, and S drop out A diagntm for dihvdroladiAstcrol would Ik 
the same except that arrows 2, 10, and 11 would be men \>cd m size 
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This dual action of \itamin D, which has Ivpm propond i» not out of 
harmonj i\ith the findings of IIam'=on and Harn-'On (1011) who studied 
factors influencing re-ahsorp(ion of pho^phoms from the krdnci tiihiilf^ 
The) showed that the paratlnTOid hormone dccita'^'^ re ab orj'tion nii<l 
that vitamin D in rachitic inimals onlj, incieiscx rcabsorptitn It 
seems likely that the incrciscd re absorption witli a ilamin 1) is dilt (o a 
secondary dccrcaswl parathjroid actnit), thn ev/xninint ^}lOIII^l Ik rc 
pcated on paTaih>TOwltetOT!wxed awwwal-^ \w z'v^ the pre ewt authors 

would predict a decrease in phosphate rc alisorption m tlu tulmlts* 

It would appear from the ahoa e discussion that dihMlro(arh)'(eroI hokh 
an intermediate position between Mtamm D and the pir ith\ rotd honnont 
(sccTable2) In Fig 112 p 222 somcdita reeliartctlfrom Albright 
Sulkow itch, and Bloombei^ (103U) bnng into contrast the metnliolK cfTcets 
of \ itarnin Jj, dihj drotachj -(crol, ami (he p irathj roul In rnionc 

The applicihilitv of the findings presented m this Chapter to the meehi 
nism of h> pen itamuiosis D and its treatment is disciiswd elsewhere (i-i'O 
P 05) 



CIUPTER 5 

METABOLIC BONE DISEASi: GENEIUL 
CONSIDERATIONS 

1 CsTEOGtVESIS 
(A) Types of Osteogenesis 

There are three tjpes of bone formation (a) endochondral, (b) mom 
bmnous, and (c) endo^tial 

The steps m the formation of bone from cartilage arc (a) prohfcrition 
and hypertrophj of cartilage cells, (h) arrangement of more mature cells 
into roHS, (c) calcification of intercellular cartilaginous substance betivcen 
rows (so called zone of proaisionn! calcification), (d) the breaking of blooJ 
\ csscls from below into the rows of lacunae containing the cartilage cells, 
(o) the lajmg down of boni matrix, (ostooid) bj osteoblasts on to the sur 
faces of the calcified cartilaginous trabeculae left after the blood 
liaa c broken into the lacunae, and (f) the deposition of a calcium pho>phatc 
carbonate salt into the osteoid 

It will be noted that one trabecula js formed for c^ cij column of c\tm 
cellular cartilaginous «ubstance between the rows of cartilage cells those 
trabeculae, in tlie eiont that tlicj are formed from the epiphj'cal cartilage 
of a long bone, arc all parallel to one another and run m the long avis of the 
bone Tlie> arc designated “primary trabeculae ” In the process of re 
modeling of the bone, most of the primary tralicciilae arc resorbctl and rc 
placed bj larger "secondaiy tralicculac” which takcan> sliapc or direction 
whicli the internal djnamics of the bone recpiircs It will lie further noted 
that the primary tribcculac, when first formed before the osteoblasts Iiaie 
coated tliem witli bone, consist mereb of calcified cartilage Tbe^ con 
sliUilc at this stage a weak ‘'pot and it is here that epiphjscs slip It fol 
low s tliat the purpose of the calcification of the zone of pronsional calcific i 
tion js to make the pnmiiiw tralieciiJae, while still compo«wi of cartilage 
alone os rigid os possible 

llie term ' membranous bone" is usuallj re^'craetl to designate that bone 
whicli IS formed dircctb from spccializccl mesmehi mal tissue in the cmbiyo 
without there lia\ mg been unj preceding cartilaginous phase We wall u*^ 
this term, perimps somewhat loo^clj, to include periosteal bone formation 

lb “endostial bone formation" wc refer to that appo^itional bone hud 
downm the cortex and tmboculacof boncasapart of the constant n model 
ing of bone which takes place ihinng growth niul after growth ha.s eeaseil 

In the final analj-is it will lie noted tint nil three of the^ bPes of hone 
fonnation arc csscntiallj the same, namelj the lajing down bj ONleoblasis 
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of an extracellular Enb«tancc called oaleoid, and the deposition into this 
osteoid of a calcium phosphate-carbonate salt lIoae\cr, as be seen 
elsewhere, certain hormones ha\c a scicctnc action on one of the three 
tj*pes of bone formation, certain others on another, el cetera \nd *0 
It perhaps will lie useful to continue to speak of them as three different 
processes 

(11) Definition of Hone 

It should he noted tint bone in first a ti «ud and secondls a calcified (or 
phosphonzed) tissue In order to cmphosirc thia point one miRbt use as 
hi'< definition of hone “an\ tissue containing hone matrix” This definition 
would allow then for two subcla?> ificattono, uncalcified lione and calcifieil 
bone According to the abo\c definition, ncketo, ns will be seen clew here 
(sec p 1-14), would bo a di-easc clnractcnzcd b^ too much bone IIo« 
e\cr to conform with popular imge, wt will uvc the term ‘ hone ’ to mdi 
cate calcificel bone matrix (sec Table 3) 

(C) RemodeUny of Rone 

In adult lione, and cNcn more <o in growing bone, there is a constant 
remodeling going on There arc places where bone is l>cing re*orbod and 
others where hone licing laid down Both of these procc»cs go on at one 
and the «amc time 1 lus can best lie demonstrated in a condition where 
both processes arc speeded up, nameh Osteitis filiros generalisata («ce 
Pig (30) One la fortunate m the stmh of bone in tliat both of the^e proc 
esses can lx* «ecn unilcr the microscope Ostcobhsts where bone is being 
formed and Ostooc!a«t5 where Imnc is being destroNcd It is probable tliat 
anaboh m and cataboh m arc more or less tonstant features of all ti-oies 
but w ith most tisflics (f g muscle) one can sa\ onb that the tis ue is m 
creai-ing or decreasing walhout l*emg able to conclude whether the procesi 
which leads (o the imhalanccisadisturbanceof anabolism or of cataboJi o 

(D) Physiology of \onnnl Bone 
For a discussion of the plij-giologv of normal bone see p 9 

II CL.\PSIFiaXTION or METADOUC BONE DISEASE IN SDULTb 
In Table 3 a classification of metabolic bone di-ease m adults is given 
It will be scon that the two mamdivi ions arc ‘ Too-Little-CalciSeil Bone 
and ‘ Too-Much Calcified Bone ' \ote tliat m this Table we refer onli 
to calcified l>one Thus, osteomalacia (adult rickets), where bone matrix 
j, ^ ’ r *omes under ‘Too I ittle-Calcifievl Bone 

ifled into iw 0 categones (a) ' Bone- 
one-Rcsorption Too-Mucb” Since 
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Fij, CC PI < tomicrogrxph of Ilonc llioj s\ from a IHticnt «itl H>perpirallj 
ruiiimm 'Jti 1 Osteitis Fi! r«sa General sjt i 

Sotetf it At lUtui e liatrofthcl onesurfaccs ucotcrciti iltinstenctistsindicatini; 
I >np (leslructi m Ami about one Inlf with nstcot l-uls ii d eating I one fornntiun 
Note narrow osteoid scAms obi > (istcobi-tsts oci ^ aiteorlnsLs l> ■■ bone tral e 
cube, and oat « osteoid se im (From AIbngl t (104~a)) 

T\BIL3 

Mctalotie Boi < Diseases tn Iduhs 

I Too I ittle Calcifed Bone 

A Bone Porm-ition Too I ittle 

a) Defect in Matrix rornistion CHteopor(«is 

b) Defect m Calcificition of Matrix Osteomalacia 
D Bono Hcsorption Too Much 

a) Osteitis Fibrosa Cencralis itn 

II Too Much Calcifed Bone 

A Bone Pormation Too Grenl 

a) Increased Matrix Fomintion Elemental PI osphorus Poisoning Ex 
cessivo Ntress Ilcaln! Oateitis Fil rosi Generalisntn and llcolod 
Osteomalacia 

B Bone Resorption Too I lUle 

a) Osteopetrosis 

b) Iljpopamthvroi Iwra 


hone fonnation consists of tw o step^ tltc laj ins: doini of the malnt hj the 
oijteohlasls and the deposition of the cnlcium ‘'dlta m this malri\, "Bone 
rorirntjon Too I ittle’ enn lie sufidixidctl mto "O'teoporosis", where the 




136 THE P4R.4Tnynoxi> cifcOros aw msttabouo bove oiscase 


of an extracellular substance called osteoid, and the depo'^itjon into this 
osteoid of a calcium phosphate-carbonate salt However, as will be 
elsewhere, certain hormones ha\e a sclectne action on one of the tlirce 
types of bone formation, certain others on another, ct cetera And so 
It perhap-» will be useful to continue to <peak of them as three different 
process 


(B) D^nttion of Bone 

It should be noted that bone is first a tissue and second!} a calcified (or 
phoaphonzed) tisaue In order to emphasize this point one might U'C as 
his definition of bone ‘ mj tiasuc containing bone matrix ’ This definition 
would allow then for two subclasaification*-, uncalcified bone an<l calcified 
bone According to the above dcfinilion, rickets, as will be seen el'cwhorc 
(see p 144), would be a disease characterized bj too much bone How 
ever, to conform wath popular usage wc will u c the term ‘ bone ' to mdi 
cate calcified bone matrix (see Table 3) 

(C) lictnodehng of Bone 

In adult bone, and even more so in growing bone, there is a constant 
remodehng going on There ire phees irhere bone being Te«orbed and 
others w here bone is being Ktd down Both of the«c processes go on at one 
and the same time This can best be demonstrated in a condition where 
both processes are speeded up, namelv o«teitis fibros gencralusata 
Fig GO) One is fortunate in the stud} of bone in that both of these proc 
esscs can be seen under the microscope, Obteoblasts where bone is being 
formed, and osteoclasts where bone is being destrojed It is probable tint 
anabolism and catabolism are more or less constant features of all tissues, 
but w ith most tissues (e g muscle) one can sa} onl} that the tissue la in 
creasing or decreasing without being able to conclude whether the process 
which leads to the imbalance is a disturbance of anabohsm or of catabolism 

(D) Physiology of Normal Bone 
For a di&cussion of the phjsiolog} of normal bone see p 0 

II CLASSIFiavnOX of METABOUC bove DISE.VSE r\ ADUL'IS 
In Table 3 a classification of metaliolic bone disease m adults is given 
It will be seen that the two mam divisions arc ‘ Too-I ittle Calcificil Bone 
and ‘ Too-Much Calcifiecl Bone” Note that in tins Table we refer onh 
to calcified bone Thus, osteomalacia (adult rickets) where bone matru 
is usual!} increased m amount, comes under ‘ loo Little Caloifieil Bone 
Too-Little-Calcifiecl Bone’ is divided into two categones (a) ‘ Bonc- 
Formation Too-Little”, and (b) “Bone-Resorption Too-AIuch ’ Since 
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Fig C6 Fliotomicrogriph of Jloiie lliopsx from a Patient with lljperpirnlhj 
ronlisn) arid Osteitis Filirost Gencrilivita 

Note tliut about one liUf of the hone surfaces ts covered withostcoclnslBindiCAting; 
t) me destruction, and about one half with ostcoidasls imbcaling bone formation 
Vote narrow osteoid senras obi > ostcohiists oci > osleori ists l> « Iwnc trabc 
cidae, and ost ~ osteoid seam IFrom Albright (19n»)l 

TADliP 3 

Wefafwiic Donr Dutasci «n Adults 

I Too Little Calcified Hone 

A Bone Formotion Too I ittlc 

a) Defect in Matriv Formation Osteoporosis 

b) Defect in Calci&cation of Matrix Osteomalacia 
B Bone Uesorptwn Too Much 

a) Osteitis Fibrosa Gcncralisata 

II Too Much Calcified Bone 

A Bone Form ition Too Great 

a) Increased Matrix Formatiou Flcmcntal Phosphorus Poisoning I x 
cessivc Stress Healed Osteitis Fibres i Gencralisata and Healed 
Osteomalacia 

B Bone Itcsorption Too Little 

a) Osteopetrosis 

b) Hvpoparalhjroidism 


bone formation consists of two steps, the lajmt; ilown of the mitrix bj the 
o-'tcoblflsta, ami the deposition of the calcium v.iUs m this matn\, “Hone- 
rormation-loo Little” can be subdiaidcsl into "O-teoporosis", where the 
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defect IS m tbc laying down of the matrix, and “Osteomalacia”, where the 
defect IS in the calcification of the matriN ‘ Osteogenesis Imperfecta” is 
closelj related to "Osteoporosis”, it differs in that instead of a dcficiencj 
m the number of osteoblasts there is a dcficiencj in the amount of extra 
cellular substance made by them In either case there results too little 



(A) (Bt 


Ttg 67 Increased Epiphyseal Bone Formaliwi Sccond’iry to Wemeata] Phos 
phorus Administration 

First X ray (A) iias tahen on S-1-33 several i\eeV.s after stopping a short course 
of ‘ phosphorated oil f»ote dense band of increased densil;) in radial mefaph^-SLi 
note /urtherrnore that this band is removed a short distance trom the epiphyseal 
cartilage Second X ray (B) was taken on 8-4-33 at the cm) of a second course of 
elementary phosphorus Note second dense band in juxtaposition to epiph}seal 
cartilage 

bone matrix “Bone-Resorptioa Too-'Much” is met with in hjperpara 
thjroidism and in chronic acidosis and leads to ‘ Osteitis Fibrosa Gencr 
alisata” 

Too-RIuch Calcified Bone” t^m can be dmded into tuo categones 
(a) ‘Bone Formation Too-Great”, and (b) * Bone Besorption Too-Liltle ' 
'Bone Formation Too-Great” would result from increased matrix forma 
tion There is no \ erj good example m clinic'll medicine of a generalized 
o\cr production of raatrus comp'ired to the situation m mice treated ndb 
estrogens where the skeletcm becomes terj dense presumabh duo to 



SIETADOLIC nOVC DISKVSC. GENERAL COVSIDEIUTIONS 


139 


stimulation of the osteoblasts (Gardner and Pfeiffer (1943)]. To be sure, 
an individnal doing verj’ hca\y muscular »oik h-as a denser skeleton tlian 
the desk w orker, but he can not be siud to have too much bone. In a u ay 
“Healed Osteitis ribro^^a Gcncralhata” and "Healed Osteomalacia" are 
examples of “Too-.Miich-CaIcifie<l-none”; here, bone;er, incrcaswl matriv 
formation occurred when there was loo little calcified bone (see p 114). 



Fig CS. X-ray nim to Illustrate Ilypcrostoew at Point of Incrwuicd Stresses 
Note increased bone density (utowb) in nectnbuUini on riglil aide, where loss of 
csrtilagenous cushion as result of degenerative arthritis Las resulted in bone meeting 
bone 

There are local conditions which scivc as cvimplcs of increased matrix 
formation such a? the incrca}^) }>ono Sormation at JIjp growing tj»physea] 
lines m ‘‘Elemental Phosphorus Poisoning” (sec Fig. 07), and the chonira- 
tion of bone which occurs when bone is oxptfectl to unusual stress. An ev 
nmplc of the latter occurs in degonerathe arthritis of the hip {"Morlnis 
Coxae Senilis”), w licrc bccau'^c of the lo^ of the cartilaginous cushion bone 
meets bone (see Fig. 08) Since matrix is cither calcifictl or not calcified 
and can not be supor-calci/icd, there is no counterpart under the heading 
"Too-Much-Calcified-Bono” to "CKtcomalnua" under the heading "Too- 
Eitllc-Cakifictl-nono”. "Bonc-Kcsorption-Too-Little” is well exomplifiwl 
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Fig 60 Osteopetrosis Olarble Bone Disease Albers Schonberg D sease) \ ray 
Film of Lower Extremities Sho ring Bone Lesions 

%ote the marked dens t> of all bones Note especially pocul ir celeri ap 
pearance of metaphyseal bone This appearance 13 due to two abnormal ties both 
of which can be explained by decreased hone resorption — le by decreased remodel 
ing of bone The first aboormalitj is a tendency for (he metaphyseal bone to mim 
tain the same circumference on cross section os w as present \\ hen it was first mxde 
from ep physeal cartilage The second abnormalitv is the longitudinal striitions 
which are due to the failure of the primary trabeculae to be resorbed and replaced 
by crisscrossed secondary trabeculae (Patient B L M G H 00196) 

by ' Osteopetrosis" Bones Albers Schonberg s Disease) wlierc 

bone formed IS apparently poorly if at all resorbed (see Fig G9) 'IlyT*® 
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parjtJorojJj m js the ^ctond eNampIc Hero the resorptio/i of dahhte 
from tl c raatriY uccordint, lo our intcn>retation is decrca^I I ccaii^-c of the 
incrca ed plu «pl ito Im cl m tl e bod^ flui N wli rh js not qiiife ofT^tet hy the 
lowered c ilcium le%cl (see p 17) 



Fir 0 \ra>rimSl g Hcrint on of Nucleus 1 ulpce lal Lro gl Fnd 1 1 le 
of \ erlol rn ( ^cl norlscl os K otcl c ) 

JFr in Ml ngl t Sm tl an I K clarWon (t9ll)l 

III rATIIOLOnc PHYSIOLOGY of OsTTOPOROSIS ostlohalacia 
AND OSTFITlS PlimOsA OI NLR.\LIS.ATA 
It IS important to ma! i clear tl e differtRCCs betw een these three tY po^ 
of mctid ohe bone disease which arc clanclenzed bj too little calcified 
I one 

In osteoporosis (see 1 ig 39B p 82) the decrca5c of bone tKsue is due 
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to the fact that the osteoblasts Ia> down too little bone matn\,that matrix 
winch js laid down is normallj calcified Thus since o=tcoporcfai» is a ds 
order of tissue metabolism, not of calcium or pho^phonis met iboli m one 
la not siirpri'ed to find normal «enim calcmm and pho<phonia le\el3 llie 



Fig 71 X ra> Film Shoning So Called ‘ Codfish \ ertebra 
Note that interverlebrnl dtsVs have expanded into vertebrae conaerting them 
into biconcave JisIkS c/ Fig 72 fFrom ^Ibrtgbt, ^mith and Hicbardson (I'll!)! 

«erum alkaline pho phatase lead the index to oateoblastic actmlj, is hke- 
wi'O normal not Ion as one might at fiivt thought expect V normal phos- 
phatase lead reallj means a rdati\elj Ioi\ Ie^d if one considers tlie fact 
that the skeletal ma&~ being decreased is more subject to strcbscs and 
strain , the usual stimulus to ooteoblasts 
In O'feomalacia Fig 30C p S2) there is too htOc cnlafjcd bone due 
to the fact that there is a di«order of calcium or pho'phorus mclaliolimi of 
«uch a nature tliat the calcium phosphate-carbonate salt is not depojitetl in 
the newlj formed osteoid Tlie bon\ tissue therefore is less resistant to 
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Fig 72 Codfish Vertebrae to Demonstrate hat is Meant by a Codfish \ ertc 
bra 


(A) \ ray of four codfish aertebrne Note tl at the vertebrae are bi-coDcav« 
discs (B) Dfiwi g of one of the vxrtcbnie el omi to ( i) 



F g “3 \ rH> film M owing Crushed \ crtcl ra 
IFroi 1 Vlbr gl t, Smitl and It chardson (lOSl)l 
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stresses and strains and this results m an over prwluction of o Icoid bj the 
Osteoblasts This in turn results in a high «eruni alkaline phospliatasc 
le\el 

In osteitis fibrova generalisata («ee Fig?39D, p S2) there la a decrease in 
bone ti^ssue as a whole because of increased bone resportion This leads to 
decroa'=ed bone strength and this m turn (o an mercased activity on the 
part of the osteoblasts and hence to a high «erum alkaline phosphatase 
level The commonest cause of osteitis fibroma gcnerali-ata is hjperpari 
thjroidiam which if present, is as*?ociated with low “erum pho phonis 
and high serum calcium levels (see p 72) 

IV V ERTEBIUIi CILVNGES 

The V ortebral changes here discussed are common to all bone conditions 
which lead to demineralized vertebrae eg osteoporosis multiple raj eloma 
el cetera The nucleus pulpo^us m the center of the intervertebral di<c in 
the normal indivadual is kept from expanding m all directions bj the inter 
V ertebral ligaments and the end plates of the vertebrae In the presence 
of demineralized vertebrae a nucleus maj break through the end 
plate and herniate into the bodj of the vertebra forming the «o-called 

«chmorl ches Knotchen («eeFig 56 p IIS and Fig 70) oritmavprt-s- 
the end plate into the «hape of a concave di c («ec Fig 71) Thi leads to 
the so called cod fish vertebra (sometimes erroneou'lj called 11 h tail 
vertebra ) becau«e it re«embles the normal vertebra of the cod fish («ec 
Fig 72) Besides the«c changes the v ertebrae maj as a result of fracture 
becompletelj cruslied wedged, or telescoped at one end (see Fig 73) Vn 
interesting example of cod fi«h v ertebrae m a grow^ng child w^th Ccthing s 
syndrome and the changes after allcvnation of the maladj are shown in 
Fig S4 So, 86, and 87, p 176-179 



CHAPTER 0 

METABOLIC BONE DISEASE OSTEOPOROSIS 

I COVDmONS ASSOCIATED ITH OSTEOPOROSIS 
In cJjnJcal medjcjnc one encountcre the folloiung conditions ai-sociatod 
with ostooporo 11 (Table 4) (1) disit'se atrophj wIicfl Ihe norninl stiiniilus 
to oiteobhistic activitj is ab ent [Mbnght Bumctt Cope and Pardon 
(1941) Ucifrn'item and Vibnght (1944)} (2) malnutrition where the 
protein requirements are not fulfilled and the bone matrix like other 
tisauea IS depleted (3) ^cun j where a normal constituent for formation of 
protoplasm ascorbic acid ii deficient and the bone matrix •share-, in the 
depletion (4) the post menopausal *51010 the commonest of all form-, 
where the difTicultj is a deficicnej m estrogen to stimulate the 0 tcoblasts 
(o) old age where the bone tissue like other tiv«ues (cf hair ^kin mu clos) 
atrophies (0) Cushing a s>ndrome where we believe an cxco-.s of tlie 
adrenal cortical Sugar or S hormone inhibits aiuboli m of protoplasm 
including bone matnx [Albright Parson and Bloomberg (1941) Mbnght 
(1042 1943)1 (7) Vdaptalion Sjndrome of Siljc (1910) where wc bo- 
hev c the pathologic il phj siologj is the « 5 ame as in Cudimg s S 3 n Iromo 
(8) acromegaly where the cau«cma 3 be the increase of pituitary liormone(s) 
or the secondary lack of gonadal hormones IRcifcnstcm Ixjn«cll and M 
bright (1940)1 and (9) idiopathic osteoporosis where the cau®e of tlie 
condition remains obscure Ircqueijtly two or more factors, combine m 
one individual thus after an orthopedic operation factors (1) and (7) 
probably both play a part ( co p 185) It is to be noted that the abo\c 
list does not include by perthy roidism this will be discus'scd under mal 
nutrition (see p 149) flic same la true for the osteoporo is of patients 
with long standing poorly treated diabetes mcllitus which will be discusseil 
under the same heading Furthermore the aufhorb do not Wlieve that 
calcium lacl per se causes ostcoporo-^is (for further di-.cU'=3ion *^>0 p 148) 

II CLIMCAL \Sl Ecrs OP OSTtOPOROSIB 
Osteoporo i» being a dij.ca«e of tissue metabolism and not of calcium 
metabolism is associntnl with reinbvelj normal cemra calcium and pi o 
phorus levels lo be sure in manv cases of po«t mcnopaiiMl oatcoporo 13 
the i 5 crum plio phorus v alucs are « 5 lightlv on the high side of normal Thus 
the average «crum pho'spl oms values of 43 cn«os reported by Rcifen'^tcin 
IvinsclJ and Albright (1910 «aj»3 7 j mg per cent a.-, comp ired with our 
a\ erage normal v alue of 3 21 mg per cent (TIic difference i-> significant 
statiatKallj ) Exceptions to the »etum calcium level being normal occur 
14o 
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^vhcn j ouDg acti\ c children («ee divni<Njon on p 81) or persons wth ctce^ 
Bi\e bone formation compcnviton to incftn.*«I bone destnictron os in(h 
Paget's disease (see <li«en«sion on p 290) are ^uddenlj immobilized The 
calcium m tlie unne m osteoporoMs nia> be high, normal or lo \ <lei>ending 
on the duration of the di-ease (>ee p 81 and US) IMien hipc*-- 
calcuna is pre-ent it m&\ be n caU'C of kidnej etoncs The ‘^rum alk ilme 
phosphatase is normal, not low as one might expect («co di cus. ton on p 
142 ) 

Osteoporosis m man, when due to a sj stcmic enuHR, ha•^ a marked pre- 
dilection for the \ertcbrao andpchisaml, to a lesacr estent, the skull, and 

TABLP < 

Cauics of Oittoporoiixii 
I Defect m Osteoblasts 

A Loss of Strc<s and Strain 

1) Atrof h> of Disuse 
B Ijck of Eatregcn 

1) Post Menopausal Stale 
S) Coaccmtal H>i>oe3trioum Ovarian Ag^nesu 
C Congenital Osteoblastic Delect 
1) Osteogenesis Imperfecta 
II. Defect in \tatrix 
A Loss of Androgen 
1) Funuchoidism 
2} ? Senile O*teoporo6is 
D of IVotein 

1) Malnutnlion 

2) Ilj-povitammosis C 

3) Cushing’s Sjndrooie 
•4) “Alarm Reaction” 

III Defect Unknown 
A Acromegaly 
B Idjopsthic Osteoporosis 

seldom mtohes the cxfrcraifics T/ic lamina dura around the t<vtb, a.f 
seen hy x raj, is charactcnsticillj intact, an important point m the dif 
fcrcntial diagnosis bctuccn this condition and osteitis fibrosa gpnorali?ata- 
Thia diatnbution of the maladj, while uneven, has a rhjTne and a rea<on 
to it, and docs not rule out an hormonal dislurbanec, which cliaractcn*- 
ticallj should have a gcncralizctl distribution For an analogous c'camp!'’ 
Gardner (1935) found that estrogens cair^ dLssolution of the pelwc Imnw 
of mice while stimulating bonj proliferation in the femora 
A word m nddition about the clinical a5|H*cts of post menopausal o>leo- 
poropisl moderate degree of o^teoporosw of the spinets o]ino»t pb>»»> 
logical after the menopause, ita dcferce mere isos as the time during which 
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the postmenopausal state has evstcd mcreosetl The condition maj 
progress to collapse and deforrnitj of multiple n ertebrae It is surpn«ing 
how much deformitj there can le without sjmptoms The tcndencj is 
to exaggerate the «eriousnc»3 of coUap^ \crtebrae and to immobilize a 
patient with this condition m a plaster cast for a long period of time Such 
therapy by stopping stresses and «»trains onh «er\ cs to increase the osteo 
porosis Furthermore we fe"l that an artificial mcnopau<5c as opposed, 
to a physiological one leads to a more complete ab«ence of gonadal bor 
mones and hence to a more senous degtec of osteoporosis 

(A) 0$teoporosi3 from Disuse 

Since the normal stimulus to the osteoblasts is stresses and strains any 
enforced immobilization (flaccid paralysis plaster cast et cetera) of all 
or part of the skeleton will lead to decreased osteoblastic activity , and hence 
bone resorption continuing to osteoporosis of the parts of tlie skeleton 
immob Uzed 

Deitnck Wiedon Shorr and Barr (1945-1916) put four normal young 
men to bed for five to «ix weeks in partial plaster casts and found calcium 
losses of 9 to 2-1 gm for the period of immobilization These figures 
represent 1 to 2 per cent of the total body calcium of an average adult 
The loss of skeleton in thc«e immobilized adults was obvioudj nowhere 
nearly as great as in the young boy already mentioned (see p 8o) «ho 
was immobilized essentially from the neck down l)ecau«5C of a fractured 
hip A point of some diagnostic importance is that atrophy of di a«o 
rarely affects the slmll thus a person lying quietly in bed uses his skull 
almost as much as in walking This is m contrast to osteitis fibra«a gen 
cnhsala where the skull is one of the first parts of the skeleton to show 
involvement Furthermore the immobilized patient must eat and m “lo 
doing u«es his jaws so that the lamina dura remains intact («cc Fig 42 
P 87) 

Atrophy ofdisu«e as mentioned above is probably a factor m the osteo 
porosis of old age (sec p 102) and in the oateoporo'sis associated with the 
Adaptation Syndrome of Sclyc (sec p 182) In rats osteoporosis of 
dfscf«a has been produced in the bones of ftmbs para?yzed by brae?f/al 
nerve section by Armstrong Ivnowlton and Gouzc (1915) Treatment 
of the animals vnfh estrogen reduccil the atrophy of bone In man the 
osteoporosis a.ssociated w ith di u«e and the Vdaptation Svaidrome following 
orthopedic operations also responds to estrogen therapy (^eo Fig 9) 
p 191) in the same w ly as docs the o teoporosis of the post menopausal 
state (see p 159) 

Atrophy ofdi«u&cmay complicate other forms of osteoporo^i^J by initnt 
ing a vicious cycle for example a patient with po^t menopausal osteo- 
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porosjs fractures a vertebra, is. forced to immobilize her «pine acquirp< 
more osteoporo'Rs develops more fractures ct ettera The orthopwlic 
surgeon sometimes unu ittioglj abets thi® \ jcious ci e!e b^ oi er enthusiastic 
immobilization 

Special attention •should be called to the acute form of atrophv of di«u e 
Since «i cetepporosis bone formation tlecrc^c^ ind bone rc'Orptian con 
tmues unabated hjpercalcuna occurs and ina> lead to the •'ime kidoe^ 
compile itions as arc found m h>pcrp'iratl)>rojdi'5Jn m ttbicb the taper 
calcuna results from the Inpercalccmm In O'teoportsis the degree of 
hipercalcuna — the diet licing constant— depends on the di crepanc^ 
beU^ecn bone destruction and bone formation If ostooporo is fle\clop-» 
graduallj this discrepancj is at no lime great nod lupertulcuria i» nc\cr 
marked If on the other hand bone formation suddonli stops m a non 
oitcoporotic =koloton or m a skeleton m which the turnover of bone is 
greater than normal there is marked hjTpcrcalcuna Tw o common cau«cs 
for sudden ce sation of bone formation are immobilization of the skelcion 
m a cast or freeing of skeleton of mu clc pull as a consequence of polio 
105 c have cited el'cwhorc two case hi«torics which illu-stratc t!ie*e 

points (1) that of an active 14 5 car old bo> who fractured hn leg and had a 
large part of lus skeleton immohilizoil in a cast (see p S>) and (2) that of 
a 04 5 ear old woman with exten ivc Facets disease who also fractured a 
leg and had a considerable part of her disca. od skeleton immolnhzwl m a 
cast (see p 20g) So great was the rcaidling decreoM' m bone formation 
m both patients that not onij Inpcrcalcuria but n! o hv^ercalccmra oe 
curred The ca««e of the latter was prcsumabl} an mabtld} of the kidnei 
to cNcrcto the calcium a« rapidly a* it came from the skeleton Ju t win 
(ho high tenim calcium level m the pre>enco of a normal phosphorus 
level did not make the condition ‘=elf limited h^ stopping bone resorjition 
IS not clear 

fB) OsUoporcsis from ^falnytnllon 

The part plajed b^ diet in osteoporosis is still not cslabh he<l Diet 
of course has cveij thing to do with ©•itcomalacia but that is an cntirolv 
different th'Casc There arc at least three wa 5 's m which diet might Iw 
thought to pla 5 a part Some investigators apparent!} believe that tic 
increa'^al a\ ailabilit} of calcmm and pho. phoma m the “v tem as a ro ult 
of a diet neb m these subs.tance> is a stimiiUi'. to o tool U«tic actmtv 
\s far as we are aware there is no evidtnee to support this point of vic« 

If the amount of calcium and pho phonis m the diet has an} effect on the 
cau«alion of oatcoporosi?. it seems unlikcl} that it is I j such n mecliam-'m 
V second po ibilitv is that an increased nvailabilit} of calcium and phos 
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pborus m the sj^tem as a result (rf incrca‘«3 m the diet ^^ouId decrease the 
amount of resorption of bone If such were the case any primary hjpo 
function of the osteoblasts uould be partnIK off et by the decreased 
resorption and the patient uould be bencritc<l Such a hypothesis uould 
explain the apparently beneficial effect obtained by Bauer and Marble 
(1032) and by Adams Boothly and Snell (1930) m the treatment of 
patients with osteoporosis with diets high m calcium and pho‘*phorus and 
large amounts of \itamm D ^^c favor the second possibility jt is in 
keeping mth the concept which has been frequently emphasized from our 
clinic tliat a diet high m calcium and phosphorus p^e^en{s the dccalcifira 
tion due to hyperparathyroidism (seep 21 and 07) Finally asathirdpos 
«ibility a diet inadequate in protein might lead to a negative nitrogen 
balance, and this m turn might make it impossible for the osteoblasts to 
lay down the necessary organic matrix which is the first step m the forma 
tion of bone T\e believe that some of the osteopathies which have boon 
attributed to a lack of calcium and pho«;phorus in the diet are really duo to 
protein starvation 

Diet to be of any value must be assimilated Iicnce it is highly probable 
that factors affecting the gastrointestinal tract will play a part Thus 
Meulengracht (1939) emphasized the importance of achylia gastnea ns a 
contributing factor Furthermore by removing the stomach osteoporosis 
can bo produced in a dog (Bussabirgcr Freeman and Ivy (1938)1 which 
also suggests a relationvhip between the gastric mucosa and bone formation 

There is some evidence which will lo diicnsscd under Idiopathic 
Ostcoporo&is” (sec p 197) that the height of tiie serum protein level may 
be a factor in bone forraatton and bonce in osteoporosis 

The part played by thyrotoxicosis in the etiology of osteoporosis is also 
not certain (seep 150) Aub Bauer Heath and Hopes (1929) found that 
there are increased excretions of calcium in the urine and feces in thvro 
toxicosis and decreased excretions in myxedema l\illiams and Morgan 
(1940) presented some evidence that long standing tin rotoxicosis leads to 
incrca'cd radiabihtv of the skeleton However five of the S 2 \en patients 
mewtsoned by these awtlws hadl parsed the menop so that tlve cavi*e 
of the osteoporosis may have been Ihc post menopausal state lurther 
more as thyrotoxicosis Ic ids to increased requirements of protein vitamins 
ct cclera, a deficiency in protein vitamin C or «ome other substance may 
have been a contributing factor lhat a depletion of protein mav pliy a 
role 13 suggested by the observation that the udmiriisiratiori of testosterone 
propionate in thyrotoxicosi'' not onlv leads to a strongly po itue nitrogen 
balance but also to a marked lowering of the unnarj calcium excretion 
IKmsell, Hertz and Ilcifen‘»tcin (1914)] 
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Metabolic Study No 3 

Case No 10 Post-Menopaus*U Oatcoporosis, Artificial Monopau«e, 
Estradiol Benzoate Therapy 

F F (M G II 15&153}, a 42 oldnoman, Lad a bilateral oSphorcctomy nt 
tbe age of 41 for endometriosis, following the operation she had "nocturnal soiz 
ures", the exact nature of which was not determined During the following j ear 
there was a gradual onset of back pain with increasing dorsal k>phosis and a loss 
of energy On admission one \ car after operation, the patient was in good ph^-s 
ica\ condition except for the dMormilics of her spine, her blood pressure was 
130/SO A rays revealed typical cod fish deformity of many of the dorsal and 
lumbar vertebrae, a collapse of some \ortebrae, and anterior wedging of others 
Laboratory studies serumcalcmm 10 Smg perlOOce serum phosphorus 4 2 mg 
per 100 cc , serum alkaline phosphatascS C Dodsnsky units serum total protein 7 3 
gm per 100 ce , normal glucose tolerance test, some hy pogly cemia unresponsive 
ness in an insulin tolerance test, basal metabolic rate of minus 6, follicle stimulat 
mg hormone test positive for 25 mouse units per 100 ce , and 17 kctosteroid 
cxcretionof43ing pcr24hour3 Thiacasenasmcotionedinprcviouacommuni 
cations lAlbnght Bloomberg and Smith (1940) Coze f, Albngbt, Smith, and 
Richardson (1941), Case S7, Fraser, Forbes, AIbngbt, Sulkowiteh, and Reifen 
stem (1941) Cote 31, and Rcifenstein and Albright (1947) Catt I] 

The metabolic data of Cose No lOareshowniii Fig 74 Tbc first part of tho 
study, conducted in Ave day periods, consisted of (1) three control periods, 
(2) five periods with estradiol bentoato 160 mg intramuscularly eiery three 
days, (3) 23 days with the same therapy at home, (4) two pcrioils with the same 
therapy, (5) two periodswith progesterone lOmg intramuscularly daily maddi 
tion to the estradiol, and (0) 13 periods ofter the cessation of both medications 
The patient was (ben discharged on estrogen therapy which was given eontm 
uously in varied dosage during the next three years, during this interval she was 
brought back to the metabolic ward for study (one to three five day periods) 
on three occasions 

The data (see Iig 74) arc self explanatory Attention should bo called to 
(1) nitrogen phosphorus, and calcium equilibria during the control periods 
(1^), (2) the high scrum phosphorus level which (ended to full under estrogen 
therapy (less marked in this case than in others (see p 155)), (3) the slight 
improvement in nitrogen balance under estrogen therapy, (4) the striking and 
growing decrease in calcium excretion, both fecal and urinary, with estrogen 
treatment and the gradual return (40 days) in the calcium excretion to pro 
(TEaVment levels following cessation of twVtogew Aberapa , (I) Vbt vlt:wta’»e •wAb 
estrogen treatment in the phosphorus excretion almost entirely confined to the 
urinary component and reasonably proiiortional to the changes m the calcium 
and nitrogen metabolisms (see ‘ Tlicorclical Nitrogen Balance”), (C) the failure of 
the serum phosphatase level, the index of osteoblastic activity to rise under 
estrogen therapy, (7) the increase lu nitrogen but not m calcium and phosphorus 
excretions in periods 11 and 12 with progesterone therapy , and (S) the tendency 
to retain extracellular fluids with estradiol therapy as suggested by the increase 
in the actual weight above the theoretical weight Tlie apparent discrepancy in 
the effect of estrogen on the csfeium and phosphorus balances during periods 2G 
and 27 IS probably to be explained by erroneously high fecal excretions resulting 
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Wc !ia\e obsenecj osteoporosjs m se\eral cases of long standing, poorh 
treated diabetes mellitus Here again, as in rotoxico^s, the prolonged 
u«e of protein for enei^ ma> result m n deficiency m some constituent of 
protoplasm which is needed for bone matnx formation 

(C) Os/eoporosjs and Hpponhminosts C 

It has been rect^mred for centunes that there are characteristic sl<.eleta! 
lesions in scurv-j In children the more common endences of these lesions 
are the irregular broadened epiphj seal line, the lateral spurs and occasional 
dislocation of the entire epiphjsis, the decreased calcification behind the 
epiphy'-eal line, the thin diaphj real cortex and the ranfied shaft KMcIntosh 
(1937)] There is no doubt that normal calcification of bones and teeth 
13 dependent upon adequate vitamin C (ascorbic acid) without vihich the 
osteoblasts do not function normally (Salter and Aub (1931)J The osteo- 
blastic activity as measured by the renim alkaline phosphatase lc%el w 
markedly decreased m reur\'y in children [ShAsachman and Gould (1942)] 
The studies of WolbacU (1937) ha\e established that ascorbic acid is neces 
sai^ for the formation of the collagenous matenal of all fibrous tissue struc 
tures, the matnees of bone, dentin, and cartibgc, and all non-epithcbal 
cement substance including tlut of the ^ascula^ endothelium 
It follows, therefore, that ascorbic acid d(;ficicoc> leads to decreased 
bone matm formation and in turn to osteoporosis Since frank reurs'y 
is relativelj uncommon, ascorbic acid deficiencj is usually not considered 
m the etiologj of osteoporosis Houeier, as indicated obo\e, deficiencj 
in this i itamm tnaj be an important contnbuimg factor m casea of osteo- 
portBis associated with malnutnlion, hj'perlhvroidism, el cetera 

(D) Osleo-poTosis Aesocialcd tctlA the Post flfcnopausal Stale 

Post menopausal osteoporosis, although frcquentlj oi erlookcd in trea 
tises on bone diseare, is the commonest of all forms of osteoporosis, indeed, 
it IS the commonest of all ^slcmic oslcopatliio:* [AIbnght, Bloomberg and 
Smith (1940), AIbnght, Smith, and Richardson (1941)] 

(1) Effect of Gonadal Hormones on the Skeleton 
The effect of gonadal hormones of the skeleton of anunala has been 
extensii elj studied and summanzed bj Gardner and Pfeiffer (1943) R 
appears that estrogen stimulates endiKtial bone formation m pigeons and 
mice, and that testosterone enliaoces this action in pigeons but inhibits 
it m mice Our oism studies m the human which follow CMetabolic Studies 
No 3, 4, and 5) are in agreement with the finding m pigeons 
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Metabolic Study No 3 

Case No 10 Po-it Menopausal Osteoporosis, Artificial Menopause, 
Estradiol Benzoate Therapy 

F r (M G II 15&153), a42 jear old w<imin, had a bilateral oSphorcctomy at 
the age of 41 for endometriosis, following the operation she find “nocturnal setz 
ures”, the exact nature of w Lich was not determined During the follow mg j ear 
there was a gradual onset of back pain with increasing dorsal lw}phosis and a loss 
of energ) On admission one >ear after operation, the patient was in good phjs 
ical condition except for the deformities of her spine, her blood pressure was 
130/80 \ rajs revealed typical cod fish dcformitj of many of the dorsal and 

lumbar vertebrae, a collapse of some vertebrae, and anterior wedging of others 
I aboratory studies serum calcium 10 5 mg per 100 cc .scrum phosphorus 4 2ing 
per 100 cc , serum alkaline phosphatases Cnodanalcy units serum total protein 7 3 
gm per 100 cc .normal glucose tolerance test, some h>poglJccmlauDrespo^sl^e 
ness in aninaulin tolerance test, basal metabolic rate of minus 6, follicle stimulat 
mg hormone test positive for 25 mouse units per 100 cc , and 17 kctostcroid 
excretion of 4 3 mg per24hours ThiscaaewasmcntioncdmpreMouscoromuni 
cations (Albright, Bloomberg, and Smith (1910) Cast I, Albright, Smith, and 
Richardson (lOU), CaseS7, Irasct, Forbes, Albnght, Suikowitch, and Rcifen 
stem (1941) Cose 32, and Reifenstein and Albrigbt (1947) Cast I] 

The metabolic data of Case No 10 arc shown in Fig 74 The first part of the 
study, conducted in five^ay periods consisted of (I) three control iieriods, 
(2) live periods with estradiol bentoate I CO mg iDtramuscularlj every three 
daj's, (3) 23 dajs with the same therapj at home (4) two pcnoils with the same 
thcrapj , (5) tivo periods with progesterone 10 rag intramiiseularJj ihiJy in addi 
tion to the estradiol, and (C) 12 periods after the cessation of both medications 
The patient was then discharged on estrogen therapy which was given contiii 
uously m varied dosage during the next threo jears, during this interval she w ss 
brought back to the metabolic ward for study (one to tbreo five day periods) 
on three occasions 

The data (see Fig 74) are self explanatory Attention should be called to 
(1) nitrogen, phosphorus, and calcium equilibria during the control periods 
(1-3), (2) the high scrum phosphorus level winch tended to fall under estrogen 
therapy (less marked in this case than in others (sec p 155)), (3) the slight 
improvement in nitrogen balance under estrogen therapj , (4) the striking and 
growing decrease in calcium excretion, both fecal and Urmarj, with estrogen 
treatment and the gradual return (40 daj's) in the calcium excretion to pre 
treatment levels following cessation of estrogen therapj , (5) the decrease with 
estrogen treatment in the phosphorus excretion almost cntirelj confined to the 
urinary component and reasonably proportional to the changes in the ralcium 
and nitrogen metabolisms (see "Tlicorclicn! Nitrogen Balance”), (0) the failure of 
the scrum phosphatase level, the index of osteoblastic actixitj , to rise under 
estrogen therapy, (7) the increase m nitrogen but not in calcium and phosphorus 
excretions in penods fl and 12 with progesterone Ihcrspj , and (3) the tendenej 
to retain extracellular fluids with estradiol therapy os suggested by the increase 
in the actual weight aljovc the theoretical weight The apparent discrepancy in 
the effect of estrogen on the calcium and phosphorus balances during periods 20 
and 27 is probably to be explained bj erroneoualj high fecal excretions resulting 
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from too fihort a period of observation tsee Reircnstcin, Albright and Wells 
(1015)1 


Metabolic Study No 4 

Case No 11; Post-Menopau«!al Osteoporosis, Artificial Menopause, 
Methjl Testosterone, E*5tradiol Kenzonte and Pregnenolone Thcrapj 

It W (M G II 310010)/ a 5G year old noman hod a choJec^siertonij at 26, 
md thjTodcctomj for thjTotoxicosis at tfi At dS an artificinl menopause was 
induced with ndium for metropathia hemorrhagica Three years before ad 
mission the patient strained her back opening a heavy w indow and tlierc'ifler 
had several episodes of sharp pain id the back w hen lifting Ph}'*>iciil cxamina 
tion showed a nervous woman with a tremor of her head and considerable de 
formitj of her back Her blood pressure was 115/75 \ ra\ cvammation 
revealed extensive osteoporosis with multiple fractured vertebrae, the bones of 
the skull were approxiroalclj normal in density Laboratory studies no ub 
normalities of tho urine, stools, or blood cells, urine calcium 2 to -t plus hi the 
Sulkoivitcb test serum calcium 10 <> mg per 100 cc serum phosphorus 3 1 mg 
{ler }00 cc , serum alkaline phosphatase 3 7 Dodansky units serum chloride 
03 2mcq per liter serum carbon dioxide combining power 28 1 m eq per liter 
serum non protein nitrogen 20 nig per 100 re , and serum tntil protein 7 8 gni 
per 100 cc with an albumiti/globulin ratio of 1 7 Electroeardiographic tracing 
WAS normal, follicle stimulating hormone excretion iii the untie was high (con 
sistent w th the menopause) This case has l>een mentioned in previous com 
muiiications lUeifenstein, Albright, rarson, and Dloomberg (10-12) and Ileifen 
stem and Albright (1017) Case 


Tig 74 Metabolic Study on I Rcct of Catradiol Benroate on a Patient (F F 
M G II 150153) with Post Menopausal Osteoporosis Cisc No 10 
For explanation of construction of chart sec Apjicndix page 300 
Tho dotted line in the nitrogen mctaliolism data represents the theoretic nitro 
gen balance ” The fecal nitrogen was estimated os 10 per cent of the intake The 
fecal calcium and phosphorus values ns charted are averages of 1 , 2, 3, or 4 five djj 
periods as fnllows I through 3, ■( throughj.O through 8,0 through 10, II through 12 
13 through 16, 17 through 20, 21 through 21 25, 26 through 27, 2S thrDiii,li TO, the 
individual values arc given in Table lol the paper by Iteifcnstrinnnd Albright (3017) 
Note especially the initiation of a positive calcium balance on the ndminustration 
of estradiol henroate, the return to n negative calcium btlauce 0 pcncMla 145 da\a) 
after cessation of therapy, that both Urinary and fecal calcium excretions were 
alTected, that there was a slight tendency ton positno nitrogen balance with cstrn 
diolbentoate therapy, that the phosphorus balance followed the nitrogen and calcium 
b dances, that the increase in the phosphorus balance with estradiol lionzo ite iher ip> 
Was the result of a decreased uriniry phosphorus excretion, timl the serum phos 
jdiorus values which tended to bo high were on the whole lower during estradiol 
henzoale therapy, and finally, that pcnotls20and27 were out of line with resfiecf to 
tho calcium and phosphoras balances prol«W> due to erroneously high fee d values 
esuUin gfrom (ooshorlnmetabobcaludy Tlieadde*! medication in penorh 11 and 
12 was progesterone, 10 mg daily by injection Hrom Ucifenalein nml Alhnght 
(1917), and (Albright (I9l7a),rechaiicd from Albright, Bloomberg and fcmith (1910) I 
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The metabolic data of Case Vo II aregiimln Fir 75 TJicBtticlj.cjndacted 
m six^ay periods, coiwiatcd of, (1) four control periods, {2> four f>eno.ls on 
methj 1 testosterone, -10 mg by mouth dailj , <3) Ci \ e periods m n Inch I CC m* cl 
estradiol benzoate dail> hi injection »ero added to the methjl teslmtrrncB 
therapy, (4) live periods back on the methjl tcstostcrunc ihcrnpv alone, (5) foiu 
more control periods off meihcation, (6) three periods on prepienolone, 30 mg 
intrimuscuhrly dailj, (7) four more control periods off mwlication, (S) five 
periods back OD methj J tcaliMierone, 40 mg bj mouth dslli with an Itifreiacrn 
the nitrogen and phosphorus inUVes during the last three of the«e, and <9) one 
final period where the mcthjl testoeteronc therapj was increased to 100 mg hj 
mouth dally The urinary determinations were made on three-daj pcrio<U 
throughout 

Fig 75 13 self esjdanatorj Tobcnotedarc (1) the decrease in the nitrogen, 
phosphorus, and calcium cxoretiomi with methjl (estwterone thernpj and the 
rebound of nitrogen and pliosphorus oxcrciiotif on rcssstion of therspi , (Jj the 
fact that the fecal as well as the urinarj cacrttioas of both Mlrium and phws 
phorus were reduced under methj I testosterone therapj , (3) (he fact that there 
was not an immediate rebound of the calcium excretion following cessation of 
mcthjl testosterone therapj , (4) thefurther improvement in the calcium balance 
but hot m the nitrogen balance w hen estradiol benzoate therapj w as added to the 
methj I testosterone Chernpt (penodsO-IS), (5) the foil m serum phmphomlcTf! 
ivith methjl testosterone and cspcciallj with estradiol benzoate therapj, (5) 
the definite tendenej of tbescrum calcium level topsrallel the serum pLoephon’s 
level, and (7) the failure of the •cnim phosphatase level to show a signtfieirit 
change The effect of the pregnenolone therapj is inconclusive, it did noliig 
nificantlj offcct the verj low 17 kctosteroid excretion No explanation is forth 
coming in (icriods 20 and 30 for the low fecal calcium excretions not associated 
with low nitrogen and phosphorus excretions, as a result tho data during periods 
30 through SO arc difficult to interpret The actual and tbcoreticalneighirurvrs 
euggcBt tliat there was retention of extracellular fluid with methjl testmteroae 
therapj which was augmented when estradiol benzoate therapy was adJe.1 
Pregnenolone therapy had a minima] effect on extracellular fluid relcntun 

SletabolicStudyNo 5 

Case No 12: Fo^t-Mcnopausal O^lcoporosis, Artificial Mcnopaii*e, 
Paget’s Disease, Diethjlstilljostrol and Progesterone Thenpy 

SB Of OH 430G&I), a iS jear old woman, had at the age of 2Sa Idiferal 
<K phorcclomi with « hjstcrectomv lor pejric Jacrmtions /nJlowms childbirth 
I or some jpars she had occasional hot floahea and attacks of palpitation and 
nerv ousne^ At the age of 50she l>egati to notice wcakne^■* and gradual onset o1 
skeletal deformities involving the skull, shoulder girdle, lower rdis, pelrw snd 
bones of the legs At 51 she had acute tonsillitis, and then a toaxitlcctorov At 
57shc had pneumonia, and after three weeks in laid increased «eakncMa"dp>lo 
in her tibiae \bout this tune she tiseil l«-arca of her legs l^rau'.c of difficulty 
in walking ShortJj afterward djedevclopc*! low back pain on weight l^'sring 

On admisainn, the patient was undernourished and deformeil with atrophic 
skin and muscles, dor«al kjphnsis and nghl cervical <|f>r».al scoliooa. c'd»rcr’ 
parietal bosses, bow mg of the femora and tibiae, and collapse of tl e larotur cpiae 
so that thcritis touched the wings of the ilia The chest was distorted, 
the neck were distended, cor pufmonalc was present, Wood pressure wa# Iwo 



Fig 75 Metabolic Study on Fffect of MclUjl Testosterone \lone and m Com 
bmation with Estradiol Benxoalc, and of Pregnenolone on a Patient (R B , M G H 
31W10) with Post Mcnopiusfll Osleoporoeis, Case No 11 

For explanation of construction of chart aec Appendix, page 300 
Note the dccrciisein the nitrogen, phosphorus, and calcium excretions xvithmeth\l 
testosterone thempj , the immediate rebound of the nitrogen and phosphorus but not 
of the calcium excretions on cessation of therapj , the decrease in Iwth the fcexl and 
the urinarj calcium and phosphorus excretions with meth}! testosterone thonpx , the 
further improxcment in the calcium but not tn the nitrogen balance when estradiol 
benzoate thcrapv w as added to the methyl leatmterone thcrapi , the fall in the serum 
phosphorus and calcium levels with both forms of therapj, the lack of significant 
change in the scrum phosphatnse level, the uncxpl lined retention of calcium in 
pcriotls 29 and 30, and the lack of significant effect from prcgncnolona therapj 
[From Rcifcnatcin and Albright (1917) 1 
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X raj-8 of Ihe skull shoulder girdle, lower ribs, pcU is, femora libiae, and entire 
thoracic and lumbar spine except for the upper three dorsal lertchrae showed 
Paget’s disease, in addition there was marked generalized decreased donsitj of 
bones and t\ pical cod fish deformity of many vertebrae There was pulmonary 
fibrosis, cardiac enlargement and displacement, and tortuosity of the aorta 
Laboratory studies scrum calcium 10 5 mg per 100 cc , serum phosphorus 
mg per 100 cc , scrum alkaline phosphatase 31^ Ilwlansky units, serum total 
protein? 3 gm per 100 cc .serum non protein nitrogen 31 mg per 100 cc senjm 
sodium HO Om e<7 per liter.senim potassium 4 Tm eq per liter, scrum chton fe 
101 meq per liter, serum carbon dioxide content 31^ m cq per liter, follicle 

stimulating hormone test positixefor 192 mouse units per 21 hours and 17 keto 
sterojdcxcrctJon2 6mg per24houre TheicnoiuprcxsurcBasCJrnm ofwater 
the vital capacitx was i200 cc This case has been mentioned lo a prcvbui 
communication IRcifcnatcin and Albright (1917) Calc^l 

TberoelabolicdataofCascNo J2«ree»cnJnFig 76 Thcstudi conductcl 
in SIX day periods, consisted of (I) three control periods (2) five periods on 1 
mg of diethylslilbestrol by mouth daily (3)ecien periods on 15mg ofdiclhil 
stilbcstrol by mouth daily with an increase in diet in the last three of thae, ft) 
SIX periods with the same dosage of diethyistilbcstrol i» which progesterone 1 1 
injection w as gixen in addition (25 mg daily forthc first four of these periods and 
100 mg daily for the last two), and (5) three periods on 15 mg of diethxUtil 
bestrol daily alone 

This patient was selected for thcatudy not only because the had marled wfeo 
porosis from an artificial menopause 30 years before, I ut because *110 had tu 
addition, Paget’s disease The primary pathologic prongs of the Paget s 
disease, bone dcstructian (sec p 2^), was not liemg responded to with (1 c usual 
amount of increased bone formation becau«e of the menopause |neifcnstcin and 
Mbright (1041)1 Therefore, it was thought that any action of estrogen tostim 
ulate hone formation would be nugnifie<) in this pxCicnt 

tig 70 IS self explanatory Totenotedarc (1) the markedly negxtiie cal 
emm and phosphorus balances during the control penwh, (2) the marked im 
proYcmcnt of these balances with I mg of dielhysijJbestrol daily , (3) the/urihcr 
improiement with 15 mg of dietbylstilliestrol daily , (4) the lack of effect of pro 
gesterone on the calcium and phoophonis balances, (5) the highscruiti pli«pf oru5 
before treatment, (6) the tendency of the serum phosphorus to fall during treat 
ment (7) the failure of the serum phosphatase to rise with improvement of the 


Fig 76 Metabolic Study on Fffectof Dicthyblilbestrol AloneaiidlnComhinatinn 
with Progesterone on a Patient (S B , M G 11 430C61) with Pont Menopausal Gslco 
porosis and Pagetls Disease, Case No 12 

For explanation of construction of chart see Appendix, page 309 
Note the markedly negative calcium and phwphorus balances m the control 
periods the marked mpronmeut in fb«e balances With dicthylslilbolrol thcrapv 
which increased as the doaage was raised the lack, of effect of progesterone ll erxp' 
the high serum phosphorus level licforc treatment and lU fall during tf rnpy, 
faiiure of the scrum phosphatase level to nso with improvement of tl e calcium tal 
ance the fall in follicle stimulating hormone excretion with dicthilstilbcstrel 
therapy the tendency to a rise in the 17 ketostcroid excretion and in tJ e f dbf'* 
stimulating hormone excretion with progesterone therapy, and the lack <i 
effect of therapy on the 11 oxysteroid excretioa level [From Kcifenslein a" 
Albright (1947) J 
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calcium balance (8) the ten kaey of the 17 hefcBteroid excretion to rise with 
progesterone (9) the failure of the ll-o\ 5 -steroid excretionMo fluctuate out 
s de of the normal range mth therapj (10) the striking fallf m the unnarj- 
follicle stimulating hormone (FSH) excretion v^iih ilicthjlsttlliestrol therapy 
and (If) the subsequent ri«e ID the Rsflcxcretion IV hen progesterone thcrapj was 
supenmpceed on the d ethylstilbestrol therspv The increase m tl e jiosit ve 
nitrogen balance and the increase in Height during periods 2^ to*’4 after the omis 
8 on of progesterone may be indications that progesterone was acting unfovor 
abh on the nitrogen balance lAbels and Dobriner ^944)1 '‘Ot explaine 1 is tho 
rise in the FSH excretion in periods 23 and 24 

On the b^is of the^e three studies and of two others on patients with 
post menopausal oateoporo is and of one on a patient uitli *100116 O'tco- 
poro«i3 («eG p 162) the /ollomog conclu«ions can be made [Reifen«{cin and 
Albnght (1947)] 

1 Estrogens m the two forms used (estradiol benzoate and dieth)l::til 
bestrol) decreased the calcium and phosphonis e^enUons m the tvpes of 
osteoporosis studied Additional obscnations on e^itrogen lhcrap> are the 
following 

a The fecal as w ell as the unnao calcium and phosphorus excretions 
were decreased in most instances 

b The effects w ere usually manifest mthm 0 daj s did not reach maxi 
mum until after SO da\ s and persisted for 30-o0 daj’s after cessation 
of therap) 

c The S3 nthetic estrogen dieth3Jsljlbestrol appeared to be as effcctue 
as the naturall} occurring e«trogen, estradiol 
d The range of do-sages emplo3ed was for estradiol licnioato 1 C6 mg 
e^eiN three days to 3 32 mg dail3 intramuscularhjandfordiethyLtil 
bestrol 1 to 15 mg daih by mouth There w ns no con\nncing endence 
that the larger do^ of e'tradiol benzoate trere more effectn e tbm the 
•onaller in one instance 3 32 rag seemed less effectn 0 than 1 CO rag 
ex er} third dax In the one case studied, 15 mg of diethx Hilbcstrol 
daily was probably more effectixe than 1 mg dailx 
e The <mrura phosphonis lexels which tend to be high m the pctet 
menopau'ial group fell in almost all instances 
f The «erum alkahne pho>*phata?e lexels contrary to cxiiectations 
did not n*^ 

g The urmary nitrogen excretion diontjd a poorly sustained decrease 

• These obserrations were carried out byX)r Nathan B Talbot with 1 is method 
[Tall ot ‘'altzman Wixom andMolfe (Iflla)! The ijonnal range is 0 10 to 0 3o mg 
per **4 hours of ll-oxjcorticasteroids ( ll-oxyslero lU ) 

t The level fell from‘W-300 un ts per 24 hours to Jess 11 an 6 units i>cr24 1 ours 
Normal range of Fall cxcret on is 6 to 50 mouse units per 24 hours [KlmefcUcr, Al 
bright and Griswold (1943)) 
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h The unnar} 17 ketostcroid excretion showwl a moderate decrease 
with cotradiol 

2 Androgens in the tw o forms used (testosterone propionate and mctlu 1 
testosterone) likewi'^ dccix.a'sed the calcium ami phospliorus excretions 
m the types of osteoporosis studied (pa->t menopausal and senile) Vddi 
tional obseiaations on androgen lhcrap> follow 

a As in the c ise of e^tiogens the fecal as well as the tirmarj calcium and 
phosphorus excretions were decreased the effect of the therapj on 
the calcium metabolism was slow m reaching its mvximum and pfr 
bistcd for a long time after cessation of therap> the scrum phos 
phonis leads tended to fall, and the scmni all aline pliO'plmta'C 
levels failed to ri'C 

b In contrast to estrogens, androgens produce<l a marked anti prolonged 
decrease in the urinary nitrogen excretion 

c The range of dosages employed was for testosterone propionate 25 
mg dulj to 25 mg e\ety other daj mtramuscularl> , and for mcth>l 
testosterone 40 to 100 mg d iilj by mouth 

d Methyl tcslostorono appeared to be as cffecliNC as te«tostcronc pro 
pionatc 

3 Prog^terone in tlic dosages of 10 25, and 100 mg daiU, had no 
definite effect on calcium metabolism whether gn cii alone or m combination 
with estrogen 

4 The effect on tlic calcium mctiliohsm of estrogen and androgen m 
combination was greater tluin that of either alone m tlio patients w ith post 
menopausal or senile osteoporosis 

(2) Certain Therapeutic A'«pccts Concerning Po-?t Menopausal O^teo 
porosis 

A la^o number of cases, many complicated by fractures, haxe been 
treated with estrogens alone and m combination with testosterone com 
pounds during the past fnc years \s n group thoo patients ha\c re 
sponded xcry satisfactonly Within weeks to montlis, the pain in the 
spmc and other bones usually has been considerablv or completely elimi- 
nated There has frequently been an increase in weight, appircntK an 
increase m the thicknc-ss of the skm and an impro%cmcnt m the general 
wellbeing \Micrcas the study is impossible to control, we ha^e tlie 
impression that fractures, especially of (he lup, in old 1 uhes ha\ e rc«poiulc<l 
better than they would lla^e otherwise Ilowcser, in spite of these fax or 
able clinical manifestations, it has been difiiiult to produce undi«pute<l 
exidentc that the bones (cxihuhng fracture sites) ns xisuahred by \ rax 
haxe become mon dense th in Infon the therapy was instituted Xtxor- 
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ihelcss, the recent films of «c\cral of the longest trr-xted coses arc fairlj 
comoncmg 

Dosages ho\e ringed as follows <heth\lstilb&.trol 0 5 to 1 nig daih 
p o , estrone sulfate* 2 ">0 to 3 75 mg daiU p o , estradiol l>cnzoate 1 «.0 to 
332 mg three times a week 1 m , and esfmhol (lipropjonite 5 rng ueekli 
1 m A few patients have been treatcil hj implantition of pellets Con 
tiniiotis estrogenic effect on the endomcinum leads to metropathia this 
can lie prev ented hj interrupting the estrogenic Ihcrip^ pcnodicalh (ever 
4 to 6 w eeks for 7 tolOdavs) whicliallowafori trogen wathdrawal flowing, 
essentiall> the same thing can be oceomplrliwl adminHtrnng at ri^iilar 
intervals (cverj 4 to G weeks) a course of progesterone (> mg dailj im 
for 5 dass) or of anhjdro-hvdroaj progesterone (40 to (>0 mg dailv po 
for 5 dajs), which results on cessation of theripv in progistm withdrawal 
menstniation Testosterone compounds cannot be given m ma t patients 
witli the impunity suggestcil from Metabolic StiiiJ^ No 4 this woman W 3 < 
rcraarkablj free from the masculmiting effect of such medication Most 
women will not tolcntc more than 200 mg per month of (c-tosferofit 
propionate Wc uniallj give «oroc form of tcsto'teronc at lca*t for the 
first siK to twelve weeks We have prcscnhed mcthvl testosterone 10 to 
20 mg daili p o , or testosterone propionate 10 to 20 or 2o mg ft wwl 
1 m One of the more succcv^ful methods of admiiiistenng testosterone 
compounds to thesj patients «•< to implant one or two pellets of tcwtostcrorK 
|75 mg each (Schenng)] cver> three to four months Vs has been pointed 
out by Grcenblatt (1947) therapv with testosterone eompoand^ abo 
reduces the amount of C'trogen withdrawal flowing 

^meeman} of the steroids eaiJ«esoiJium rcftnJion, the above endoinnc 
thcrapj mav cau'«c edema in certain cMcrh patients, es^ieciallv if thf'j 
h IV c low «crum protein level** Jf thi-* is not controlled hy v low Bo.iiiim 
chloride diet, and/or ammonium chloride, the steroid thempj ma> hive 
to be modified 

Becau'« of tlie pcK'-ible danger that continued l^t^ogenlc mnhcifun 
maj lead to cancer, it has been onr pracliet to inlemipl the inedirati in 
for 7 to 10 davs even 4 to G wceL<i even though the uterus is out An 
examination of the vaginal smear ever} six montli^ provide-^ a further 
‘afcgiiard [Fremont-Smith Graliam, Janrcn, and ^IcIgs (1015)] If the 
uterus 13 m a record sliould he kept of the vaginal hlceihiig, inj bleeding 
not according to plan (tliat is, not fiJIon«igr^tnjj,pn or progesterone witli 
driw il) should promptlj be investigated further 

Since osteoporosis is a definenev in Ikjiic matnx profofilasm, a high 
protein diet is probablj mdicateil, «ince it i$ not a di«ca«c of calcium nni 

•Conjugated equine estrogens (Premann) (\}mt, MeKeni a and llarTU"*!* 
Ltd , New Vort, N V ) 
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phosplionis metabolism eveessnelj high intakes of these mmorils and 
of Mtamin D are prohabh not indicated Prolonged immobilization 
should of course be a\oided if po^iblo becnii«e of tic iLinger of super 
imposed atrophj of d)su'^e (sec p 147) 

(3) 0\anan Agenesis and Other Fonns of Congenital Hjiioestrinism 
If the ab«ence of estrogen production after the menopaii«c leads to 
o teoporo«is it follows that ab^nce of e trogen from 1 irth on in females 
due to some congenital disorder should like \ ise lead to o teoporo^is begin 
ning at about the time e•^trogcn should appear that is at pul ertj This 
is true Thus in o^anan agenesis [Albnglit Smith and Irascr (1942)] 



Fig 7 \ raj Films ‘'ho ing‘'o Colic 1 Ij plj'Stis 
For discuss on see text \ — Cate 4 K—Caie 0 on 1 C— Co*e II from Albngl t 

Smith and Fraser (191'’) 


panlupopiluitari m [Tnuer and Smilli (1911)] and a SMidrome charac 
tonzetl bj a *<‘Icctnc lack of the follicle stimulating hormone of the 
pitmtarj gland [KhnefeUer Mbnght and Gn^wold (1943)] one finds 
osteoporosis along watli other manifestations of precocious It 

sliould Ic remembered however that sicli patients have delavctl union 
of the opiph} ses in the spine tins leads todeformities which the roentgenolo- 
gists for no particularly good reason Iiave termed epiphj Mtis (see I ig 77) 
riio resulting deformities may lead to immobilization of the hick and to 
secondary di use atrophy (sec p 147) In males eunuchoidism leads 
to an analogous situation 
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The treatment, of co\ir^, slioulil include estrogen therap}, to which 
these patients respond ^erj \rell 

(E) Osteoporosis o/ Old Age 

Mo-st of the changes of old age arc, in the final anah -i-, due to atroph> , 
m terms of the skeleton atrophj la osteoporosis How much of the atropli> 
of old age Is due to underfunction of the «tcroid producing glands,andhow 
much la due to old age per sc arc, as jet, unanswered questions Tint 
steroids raaj plaj an unportant role is ‘m^ested hj the mcreased mcidonce 
of ecmic osteoporo'is m women compared with men (c/ old women with 
fractured hips) In manj cases ostctqioro^is of disu«c, of malnutrition, 
of the po«t menopausal state, and of semlitj are ia«eparaf)lj supcnmposcd 

Metabolic Studj Xo G 

Ca«e No 13 Senile O^teopo^o^l3 in a Male of 72, Testosterone Pro 
pionate and E«tradiol Benzoate Tlierapj 

M 11 OIOH ft mate of »2 j-Mfs dci eloped pam m the bid after 

anunoriDjurj onciearbcforcadmLoftion (I l~il) TheiijiuptojnsfwrButrd la 
spite of local thcrapj and ho was referred to tLo hospital The only ahnonnal 
findiags on phj'sicil eximtnation were a thin skin nnij deformities of the spine 
his blood pressure was NO/JO \ rsyevamioation of the spine showed marled 
decrease in density of the vertebrae with a eod fishdefonnilv of some andwedi; 
ing or collapse of others Laboratory studies serum calcium 100 ms )ier 100 
cc serum phosphorus 3 1 tng per 100 cc , serum alkaline phoephatase44}Da lin 
ski units seruRi total protein 70 gm per 100 cc , scrum non protein nitropea 
ISmR perlOOcc urinary 17 kctosteroidexeretion T21and 6 9 mg pcrSllours 
follicle stimulating hormone excretion in the urine normal gastric aci iitv nor 
mal The normal level of the follicle stimulating hormone escretion is agiinat 
the ostcoporosishavingbeenduc to the ‘ male climacteric ’ This case has been 
mentioned in previous commumeatioas J4lbnght (1912~19I3), Iteifenslnn 
\lbright P3r8on,and Bloomberg (1912), Ileifcnstein All right and)\cll3 (191^) 
and Ileirenstcm and Albright (1917) Cate flj 

The metabolic data of Case No 13, nhieh comprise studies done on 290 o' 
530 consecutive days, are shown m Fig "S The study, conducted in five ds) 


Fig 78 Metabolic Study on Effect of Testosterone Propionate 4lono and in Cora 
binfttion with I^tradiol Beoioale Bad I icc I erta on a Male Patient (M Jl M C U 
27Soll) with Senile Osteoporosis Casejio 13 

For explanation of construction of chart aec \ppendir, page 300 
Note that testosterone propionate had an effect on calcium nietilKsltstn similar 
to that of estradiol benxoate tilth regard to both fecal and unnan cxcrelions tl at 
estradiol benroatc thcrapv added to that of testosterone propionate furll r r improved 
the calcium I alance that testosterone propionate had a greater effect on nilropen an I 
phosphorus metaliolism than did estradiol benzoate Periods 1 through 22 are tbi^ 
analizeil la Fip 155 pjgeSOI {hrojoHeifenstemand \lbrighl (lOf) and Mbright 
(1947a) 1 
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periods, consisted of (I) five control periods, (2) five periods on testosterone 
propionate, 25 mg by injection dail^ , (3) five periods m w hich cstradioJ Iwnioite 
I 66 mg by injection on alternate days was added to the testosterone propionate 
therapy , (-1) five periods back on testosterone propionate alone, (5) seven control 
periods off all medication, (6) five periods on estradiol benzoate 1 CG mg h> 
injection twice daily, (7) 10 days without collections on the same medieifion, 
(S) two more periods on the same medication, (9) 93 davs at home on estradiol 
benzoate 3 32 mg by injection three times a week,, (10) five periods on the same 
therapy, (II) nine periods in which testosterone propionate 2o mg intramuscu 
larly dally was added to the estradiol benzoate therspr during the last three 
of which periods the intakes of nitrogen and phosphorus w ere markedly increased 
(12) three periods on the same diet and the same estradiol benzoate thcraj v but 
off testosterone propionate therapy , (13) 91 days at home on the same estradiol 
benzoate theripy , (U) tlireejicrjodson the original did without change in estra 
diol benzoate therapy , (15) 43 days at home off all medication, and finalU (10) 
four control periods on the original diet without medication. 

Fig 7S IS self explanatory The oliserv ations as & w hole confirm those noted 
under post meiiopausaJ c^teojKirosis (see p J5S) To be noted especially in Fig 
78are (1) the marked reduction in nitrogen phosphorus andcalemmcxcrctions 
with testosterone therapy , (3) the lack of rebound m the calcium excretion as 
opposed to tho«e of nitrogen and phosphorus followingce^stion of testosterone 
therapy , (3) the further reduction in the phosphorus and especially in t he calcium 
excretion but not m the nitrogen excretion when estradiol benzoite tbcrapv was 
added to testosterone propionate tliernpx (periods 16-20) , (4) the improvement in 
all three balances w hen testosterone propionate was added to estridiol benzoate 
therapy (periods 4CM5), (5) the reduction in the fecal as well as the urinary cal 
cium and phosphorus excretions by both testosterone propionate and estradiol 
benzoate therapy , (6) the effect of both testosterone propionate and estradiol 
benzoate therapy in lowering the serum phosphorus level, (7) the fsilure of 
marked increases in the nitrogen and phosphorus balances os the result of in 
creases in the diet to affect the calcium balance (periods 46, 47, 48), (S) the ab- 
sence of any significant change in the senim phosphatase and calcium fev’cls 
(9) the fall in the urinary 17 ketosteroid level with estradiol benzoate therapy , 
and (10) the tendency to accumulate extracellular fluid during both testosterone 
propionate and estradiol benzoate therapy as suggested by the theoretical weight 
curves, with a prompt loss following the cessation of therapy 

A more detailed analyrsis of the nitrogen, phosphorus and calcium balances 
during periods 6 through 20 when the patient was receiving steroid hormone 
therapy IS shown in Fig 155(seep 301) It xnlt be seen that there is close agree 
ment betweco the measured phosphorus balance and the theoretical phosphorus 
bafanee (see p 303) based on nitrogen and calcium balaaces This ts er/df/?ee 
that nearly all of the phcBphonis retained as a result of testosterone propionate 
and estradiol benzoate therapy is retained either in bone or in protoplasm (neif 
enstein, Ubnght, and ells (J945)J 

The treatment of «enile osteoporosis is esaentiaKy the same as that of 
post menopausal osteoporosis (see p 159) If testosterone J3 U'Cil m ol 
men, the prostate should be intched and estrogen therapy should probabh 
be gn en at the same time, since Huggins and Clark (1940) hat e sliow n tliat 
fc^trogen neutrahzes the stunulating action of testosterone on tneprosintc 
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(F) Osteoporosis of Cushing's Syndrome 

The important clinical features of Cusliing's sj-ndrome are (1) marked 
muscular weakness, (2) osteoporosis notabI> of the "piiic and, m children, 
cessation of skclotatl growth, (3) a thin red skin which i» ‘object to striae 
formation and easj brui^abihtj, (4) hirsuham without other endence of 
\nnli3m, (5) a redistribution of fat deposits rc'^ulting in thin arms and legs 
a “moon face’', and a “BulTalo hump”, (G) hjiierten ion, (7) amenorrhea 
and losS of libido, (8) acne, (9) insulin resistant diabcte> (10) atrophj of 
IjTTiphoid tissue wath 1^ mphocjdopcnm ami polvmorphonuclcar leukocj 
tOMs, and (11) a disturbance in electrolyte metabolism witli a tendency to 
high «enim sodium and bicarbonate lc\ els coupled \nth low scrum potassium 
and chloride levels 

1 he immediate cause of the syndrome is an overproduction of the adrenal 
cortical ‘ Sugar” or 'S" hormone [AIbnght, Paraon, and Bloomberg (1941), 
Albnght (1942-1943), and Aibngbt (1947a)J Three new pieces of evidence 
can now be added to support this contention (a) Talbot, Saltzman, itom, 
and^Volfe (1913) find high titers, of “11 oxy steroids 'in tlicunnc of patients 
with Cushing's syndrome Tor cvunple, in our mo^t recent cx'c they 
found a value of S+ mg/21 hours, whereas the upper limit of normal 
IS about 0 3 to 0 4 mg /24 hours (b) The earlier obscrv ations of Anderbon, 
Haymaker, and To«eph (1938), and of Wcil and Browne (1D39, 1910), 
who found by biological methods increased amounts of “S" hormone in the 
unnt of patients with Cushing’s syndrome can now be confirmccl by 
improved techniques Thus, using a modification of the Dobriner, 1 lelier 
man, and Eggleston (1945) adaptation to mice {«cc nl'o Eggleston Dobnner 
and Rhoads (1941)] of the Remecke and Kendall (1942) test for ‘ b” hor 
mono on rats, Mis? Grace Griswold in our laboratory was able to demon 
btratc in this same patient with Cuslungs syndrome 72 mouse units/21 
hours, whereas the upper limit of nonnal is about G mouMs units/21 hours 
(c) It IS now quite clear, from the work of Dougherty and Wlute (10 1 1) and 
others, that the ‘S ’ hormone causes disintegration of the thymus and 
lymphoid tissue With a resulting decrease in the lymphocyte count, Dt 
Baize, Rcifenstem, and Albnght (1916) were able to demonstrate a m irked 
ly mphocytopema in ten cases of Cushmgt. e}Ddrome as compared with a 
lymphocytosis m twenty cases of Addi«on’e> disease "NMicn tlus new eva 
dcncc IS added to the old, wc think it is safe to conclude tint whatev er bone 
cliangcs arc found m Cu&lung’s s> ndromc arc the result of an excess produc 
tion of “S” hormone 

In many cases the ovcrproiliiction of *S” hormone is duo to a earner 
of the adrenal gland In the non innccr cases, the cause of the o\ crjirodut 
tion is not clear, it may result from increascil production of adrtno-cortico* 
trophic hormone 

The ‘ Sugar” lioiTOOnc besides catling atrophy of the thymus and hm 
phoid tissue has a profound but not dearly unclcrstood effect uiion carbohy - 
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dntc, protein, and fat mctaboli ms It imnuotionabl> antagonji-e^ the 
action of insulin Man\ authors ha^e been satisfied to summan&j its 
metabolic effect bj the assertion ttiat it facilitates the con\ crsion of protein 
into «ugar (eluconeogcne'is) 

It h-is been our concept {Albnghl {I9f2-10l3)j that protoplasm m pen- 
era), like the protoplasmic matnv of lx>ne («ec p o), i3 constanll} l)emc 
anabolizcd and catnbolizcd at one and the same time, a factor uhich in 
creases cataboli«m uould lead tONcrj much the same net re-vultas a factor 
uhich inhibits anabolism, but there would be some differences, it is our 
lielieftliatthe ‘S ' hormone i3 anti anabolic rather than catabolic \\e\\in 
cite SK pieces of cudcncc (a) An inability to attain a poaituc nitropm 
balance rather than a propensitj to go into a negatiio nitrogen balincc 
would be cliancten tic of an indiMdualsulTennRfroman csccvi of an anti 
an ibolic pnnciplc, studies on patients with Cu^lung’s svndromc ha\c seldom 
reiealed markcdlj ni^atne nitrogen balances (b) The minimal nitrogen 
excretion (excretion on a !ugh*calonc, low protein diet) is not high m Cudi 
mg's 8j ndrome [ klbnght (19-12-1913)1, this c^ idence is against there king 
an e\ce«s of a catalwhc pnnciplc rn Cushing’s s\Tnlromc (c) Tire n^a 
tno nitrogen balance which follows operations, injuncs, and bums is 
little influenced bj a moderate excess of nitrogen in the intake, it, too w 
thought to be due to an excess of the ‘ S ’ hormone (sco p 1?5), if tho ' s ’ 
hormone w ere catabolic one should be able to compensate for it I ly suppljang 
an cNcc^ of the matonaU needed for anabolism (d) There arc cortim 
anabolic proco-'cs which are «Tcier*iblennd thus cannot lie wiped out b> 
catabolism, — for example, growth at an epiphyseal cartilage, if the 'S 
hormone w ere a catabolic principle, it should not inhibit epipli) «cal grow tli 
a purelj anabolic function, ^^olls and Kendall (1910) obtainc^l cowlion 
of growth in rats inth Compound Hand corticosterone, both * S ' Iiormonw 
Becks, Simp&on, Li, and Ex ans (1911) hkew i-'O obtained conation of pro» (h 
( ichondrogoncsjs) with adrcno-eorljcofropliic hormone, finally a patient of 
ten years and elexen months xxith Cu-hing s sy ndrome studioil m owrclmie 
showetl almost complete cessation of growth during the actixc '•t ipc of tlie 
di«casc («cc I ig 79 and 80) (c) Beck'*, Simpson, ^^a^c, 1 1 , ami I x'an^ 

(1944) woriving xxith hypophyscctomucd rats found that prowth hormone 
actixatcd (he epiphyseal cartilage and thus promoted cndochondnl Ixine 
formation, tliat ndreno-corticotropbic hormone pixcn leather x\ith the 
growth hormone prexented the cITctt of the growth hormone, it is quite 
clear from llic^c experiments that the ‘ S ’ liormone, pro<luctxl n-« a rr^uU 
of stimulation of the adrenal cortex with the adieno-corticotrophic her 
mono, mliibitcd the anabolic action of the grow tli hormone and « (hen 
fore anti anabolic (f) A studi of the one livnie where it li Iki^jI I to 
di-tinguiih under the micro-«co{>c between anli analioli'm anil catalmli m 
histologically, namely bone shoxxs xcry clearly tlial the disturbance in 
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the bene in Cu«hmg’s sjTidrome js an anti anabolic one, thus one finds 
ostcoporesjs, Bhc'B the prunao difEcultj is bek of bone foiroation bj the 
osteoblasts, not Osteitis fibro*^ generabsata, where the initnl step is the 
resorption of bone 

There are several hormones other than the ‘ S” hormone tliat are made 
b> the adrenal cortcT A thort discu^ion of the "Nitrogen” or ‘N’ 
hormone is necc'^sarj for the undeiistanding of the rationale of treatment 
with testosterone compounds Tlie evidence has been presented f \lbnghl 
(1942-1913), iUbnght (1947a)l that the normal atlrcnal cortex producca 
a hormone (the ‘ N” hormone) with properties vei> similar to testosterone 
Tlus hormone is not produced until pubertj , it gov ems the growth of 
axillary hair m women, it has an anabolic action on protoplasm similai 
to testosterone, and it is re'^ponsible entirely m women and partialh m men 
for the 17 ketostcroids c-xcreled in the unne 
The adreno-gcmtal sjndrome offers an excellent opportumt> to studj 
the clTect of an excess of "N” hormone on osteogenesis Children with 
tlus aflliclion grow mucli morcrapidlj mevcr> wa> than do normal children 
(see Fig 79 and 80) but, due to carl> closure of the cpiphjets, end up bj 
being normal in height or shghll> short The bonj structure it«clf of the 
skeleton of such children is <len«c but probabl> noi, pathologica1l> so 
Adults who develop this condition do not develop the cliaractcnsticb of 
acromcgal} , tlus sugge^sts that penostoal bone is not stimulated by the N" 
hormone 

It appears, therefore, that the "N” hormone is opposite m its action to 
the ‘ S” hormone as regards cndoclirondral and prohabfj ondostial bone 
formation In both of these respects ‘N" hormone is like testosterone 
Furthermore, ‘N” hormone is similar to growth hormone as regards epi 
phjseal growth, but not as tegaixL, membranous bone formation 

It follows from the above discussion that an excess of X” hormone 
should neutralize an excess of 'S” hormone In the ab'^cncc of a prepara 
tion of ‘N” hormone, it became of intcrc-jt to sttidj the cfTecti of te«tos 
torotio compounds on ca‘»es with liypcr adreno-cortici'm w ith re«pcct to the 
‘ S” hormone (Cu'hmg’s sjTidronip) Fig 81 slioivs in diagrammatic form 
the changes m the disonlcred horocosta'as to be anticipated bv such thorapj 
Ihc following two metabolic studies servo to illustrate «ome of the 
points just Qi ciiss''d 

Metabolic Stud> No 7 

Cast No 14 Cu«lung’6 Syndrome with 0'>‘eoporo5i3, Nophrolithiaais, 
Estradiol lltnzoale and Testo>tcrone Propionate llicmp} 

11 V (M O H *2.7 ictr-oll ainglcRirlf rPo’lu^nJp'odrafcnt hasbpcn 

fcllowcd at the Massic! Ufclts General IIoRfiital fer C>-c j-eare with the diaenwts 
of Cushing’s B>ndromc Her chief complamt when first seen was ' ainenorrhoa 



Fig 79 Chart to Contrast the Gremfh of Patient (C 0 , M G TI 1005S6) irifb 
Adreno Genital Syndrome mth That of Patient (I G , M G H 3302C0) with Cush 
mg’s Syndrome. 

For discussion, see text {rroor AIbngfat, Rcilcnslein and Forbea (1949) ] 

t Jian before In addition, she bad noticed easy bruisabibty and had had recur- 
rent skin infections 
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On eTanniiation.she had the t>pieai round, full, plethoric facies of Cushing’s 
sjndromc.n'ithcrccssivcfAcisIandalKloniina! hair The skin appeared atrophic 
nitti purplish striae and numerous \isiidc dilated subcutaneous blood \essels 



I ig 80 I’holograplis to Contrast a Patient w ith Wreno Genital Sj ndrome v, ub 
a Patient Vrith Cushing s Syndrome 

A- Patient C O (M G 11 109536) at 5 jears and 6 months with adrenogenitnl 
Si ndrome, P « Patient I O (M G II 33O2G0) at 11 jears and 10 months with Cush 
mg's syiulroinc Scale applies to both photographs [From Albright (1'VS2-1913) ] 

There were scars o{ old infections on the legs The optic fundi showed some old 
hemorrhage and exudate Tlie leort was not enUrgo.! Plootl pr<“MUre aarjcd 
from 130/VO to 170/110 The cUtons was not enlarged 
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Laboratory studies included nesatirc Hintoo lest result, red blood cell 
count 4 8 million, hemoglobin 95%, urine, a trace of albumin and intermitfeot 
gljcosuria, B coU and Stap»i/roeoc«a elbru on culture blood chemistry, not 
remarkable, sodium normal Glucose tolerance test showed a failure to return 
to normal four hours after administration of glucose Combined glucose and 
insulin test result paralleled that of the glucose tolerance test Several basal 
metabolic rate tests were normal Electrocardiogram show ed ei ideace of mj o- 

nsTosn9o»c 



Fig SI Schematic Diagram to Illustrate \ulhors’ Interpretation of Relationship 
of ' V" Hormone Production to ‘ S ' Hormone Production in Cushing b Sindrome 
Before and After Testosterone Propionate Therapy 

A •* pure fonn of Cushing’s syndrome rrilbout compensation, B = Cushiags 
syndrome mth compensatory rise of the hormone, C = Cushings syndrome 
under testosterone propionate therapy , D = eamc as C except for decrease la endog 
enous"N” hormone production which results after exogenous ' \ ' hormone therapy 
has been instituted, E = effect of withdrawal of exogenous ' N ' hormone therapy 
It mil be noted inE that the imbalance between the* \’* hormone and ‘ S 'hormone 
production is greater than it was before therapy was instituted which may explain 
the marked rebound in nitrogen excretion which occurs n hen testosterone propionate 
therapy is omitted in Cushing’s syndrome JFrom Albnght (Ihl'’ 1943) I 

cardial damage Follicle stimulating hormone assay on unoe was negati'e 
for 10 mouse units per 100 cc (normal) The 17 Icctosteroids in the uriae 
varied from S to 14 mg per 21 hours before treatment \ rays showed marked 
Dsteoporcsis with numeroim fractured xertefarae and bilateral kidnev stones 
Both adrenals were explored Biopaied sections were said to show no ab- 
normalities She received three coiuses of x ray irradiation to the pituitary 
There was a remission for about a year, with return of regular menses after the 
first course The last two courses had no effect Kidneystonesreqotredopen 

*ioa twice 
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T)ie pjtient sho«e<l ra^rXed improvement on testosterone therapy, as <2b 
ciis«cd below It 13 of re-il interent tli-it after ce<s'ttion of therapy her improve 
mcnt continued and it w ns found that the abnormnlitv m suRar metabolism had 
entirely iJmppearcd For tnoy ears after cessation of therapy , her menses n ere 
normal and she presented no evidence of a recurrence Subsequently she ex 
hibited iDcrcustnRly severe cardiac disease, from which she ultimately died 
This case has been mentioned jn previous communicatjons |Albright, Parson, 
and nioomberg (1941) Case /, Fraser, Forbes Mbright,Sulkow itch, and Reifen 
stem (ion) Ca*e 37, Albright (19i2-l*in), Ilcifcnstcm Albright, and \\ells 
(1915), Albright (1917a), and Ilcifenstem, and Albright (1917) Case ID] 

The metabolic dat i of Case No 14 areshonn in Fir S2 Thestudy covers 
37 five day periods obtained on four hoepital admissions The data in Fig 82 
arc self explanatory It should first be noted that the phosphorus balance cor 
responds reasonably well with thesutn of the nitrogen and calcium balances dur 
ing the lost 23 periods but not the first 14 This suggests some constant error 
in the first 14 periods probably in the value for the nitrogen intake A more 
detailed analysis to emphosite the close agreement between the nitrogen, potas 
Slum, phosphorus, and sulphur balances of periods 15 through 33 is shown in 
Fig loG(sccp 30C} It will bcsccn that there IS aclosecorrcspondcncc between 
the measured and the theoretical nitrogen balances based on potassium, phos 
phorus, and sulphur This is evidence that testosterone propionate therapy 
induced a retention of nitrogen potassium phosphorus and sulphur m the 
liroportious that exist in muscle protoplasm (Reifenstcin, Albright, and Mells 
(lOl-i)l 

Other observations to be underlined in Fig 82 are (l}the marked decrease in 
the urinarv nitrogen phospttorus and calcmmetcrclioas with tostoaterone pro 
pionatc therapy , (2) the marked rise in the scrum phosphatase level when the 
incrcise tn calcium balance became Appreciable (see periods 30 through 33) 
Wiiercas Fig 82 suggests tiiat insulin had a marked clTecl on the calcium balance 
(see periods 2a and 29) the authors are loelmcd to discount this boenuso of the 
essentially negative result in asccond patient with Cushing’s syndrome so treated 
(Rcifcnslcm and Albright (19f3lt 

^Ictabolic Stmlj No 8 

Case No 15 Cuslnng’e Syndrome wiUi Oatcoporo^is, Estradiol Ben- 
zoate, Te5to>5tcronc I’ropionate, and Methyl Tcatobterone Therapy . 

11 B (M G H 3397), a 50 year old native mother of three children was fo! 
lowed at the Massachusetts General Hospital for four and a half years with the 
diagncais of Cushing’s syndrome Her chief complaint when first seen was 
"marked weakness for five years" Sl»e had had amenorrhea without hot (fashos 
for five years, during this time she had noticed increasing facial and body hir 
Butism Clvcosuna had liecn noted two years before admLvaion nnd liad been 
treated with diet compl tinctl also of recurrent skm infectionsafid brittle 

iieos of the nails There had been a gradual weight loss of SO jwunds during the 
four years preceding her admission to the hospital 

On cxamintUon, she presented the typical plelhorie appearance The skin 
showed atrophy, striae, dilated subculunoous vessels, and cosy bniisahiliiy 
The optic fundi showed irregular arterioles, hcraoirliagcs, nnd exudate The 




Fig S2 Mctnbolie S(u<I) on ElTccl of Estradiol Benzoate nnd TostcMtcronc Fro 
p\on»teonnFcmalePat»cT>tlB V ,M G M T'l3T2)aith03teoporuAisduotoCuah>ns’a 
‘•>ndrome, C'ue No 14 

For ceplanation of construction of chart see AppendiT, page SOD 

At the bottom of the chart, the unnnr> calcium tsshonnscpiratclj on an enlarged 
scale 

Note that estradiol benzoate did have aslightl^ bencGcial effect on the calcium 
balance (compare periods 13 and 14 nith periods 1 through 4) in spite of an adverse 
jfCcct on the nitrogen and phosphorus balances Note markedly beneficial effect 
of testosterone propionate on nitrogen, phosphorus, and calcium balances, note 
steacii decrease in urimrj calcium excretion shomi in magniGed form at the bottom 
of the chart, throughout testosterone propionate therapy nith accompanying rise in 
icrum phosphatase level Note that tbeaddition of estradiol benzoateto the testos 
terone propionate therapy (periods 30 through 33) apparently improved the calcium 
bilancc Pencils 15 through 31 arc those analyzed in Fig 150, page 306 (From 
R.eikws.teic. ajvd GW), icvd 'JUaev^ht, ^VlVteA, cechwt-ed tenea, tM(jci?.ht^ 

Parson and Bloomiverg (1911) ] 


facial hirsutism was striking The abdomen and breasts ncre flabby and pen 
dulous The heart nas not enlarged Blood pressure varieil from ISOTi to 
160/ltO The clitoris was not enlarged 
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Laboratorj studies included ne^tive Ilinton test result .red blood cell counts 
varied from 4 1 to 5 5 million, hemoglobin was 90 to 100 per cent, urine — no 
albumin, intermittent glicosurifl BIoo Ichemistrj values were not remarkable 
Serum sodium values were 142 and 142 5 m er; per liter Glucose tolerance 
tests show od a failure to return to fisting level four hours after the administra 
tion of glucose Combined glucose and insulin tolerance tests paralleled these 
figures The basal metabolic rale was normal Follicle stimulating hormone 
assayed for 10 mouse units per 100 cc was weakl> positive once and negative 
twice, the 17 ketostcroida in the urine varied from 18 to 30 mg per 24 hours 
Electrocardiogram showed evidence of myocardial damage \ ray showed 
extensive osteoporosis with numerous fractured vertebrae 

Both adrenals were explored Biopsicd specimens were not considereil ab 
normal grossly or microscopically The patient received two courses of x ray 
treatment to the pituitary, and ooe course to thclhymus without apparent effect 
She showed an amazing clinical improaement on testosterone therapy and was 
able to walk a few steps without support after three y ears of complete invalidism 
III bed This case has been mentioned in previous communicatioiM (Albright 
Parson, and Bloomberg (IWl) Cate S, Fraser, Forbes, Albright Sulkowitch, 
and Beifcnstcin (1941) Ca*c5tf, \lbrighl (1912-1943) Rcifcnstcin Albright, and 
^^ells (1945), Reifenstein, Forbes, Albright, Donaldson, and Carroll (1945) 
Cate 2, Albright (1917a) , and Rcifenstcio and Albright (1917) Cate II] 

The metabolic (lata of Case No 15 are shown in big 83 The study covers 
S5 five day periods obtained on six hospital admissions The data in Fig K1 
are self explanatory It should first be noted that the phosphorus balance cor 
responds reasonably well with the sum of the nitrogen and calcium balances 
throughout 

Other points to be noted ID Fig 83 are (1) the lowering of the urinary nitro 
gen, phosphorus, and calcium excrctioDS with testosterone propionate therapy 
(l«noda 10 through 18, and 23 through 30) and w ith methyl testosterone thernpv 
(periods 50 llirough 53), (2) the fact that the fceal phosphorus and calcium ex 
cretions were also lowered with theoetwotesUeterone compounds (3) the quick 
rebound in the nitrogen and phosphorus but not in the c dciutn metalKilisma on 
ce<aation of testosterone propionate therapy (seo periods 19 through 22) (4) 
the steady improvement m calcium metabolism with continued administration of 
testosterone propionate therapy, (5) Ihcclevalion of the serum phosphatase with 
lm|)rovemcnt in the calcium balance, and (6) the rise in the serum phosphorus 
level following omission of estradiol benzoate therapy in period 0 The marked 
improvement in calcium balance in periods 20 through 30 is probably to be at t rib 
uted to continued testosterone propionate tlicnpy , but the initiation of vitamin 
D thernpv in period 29 makes the exact interpretation difficult Dchvdroiso 
UJjilrasyAraiwtfwyitaln us. pecwila42-4ft«lwloftt prevent Uio rebound in nitrocfn 
and phosphorus metabolisms for omission of testosterone propionate therapy 

Tostostcrone propionute Iiad n mirkedU beneficial cfTcct on the nitrogen 
pho-phoru«, and cfllcuim balanced in both patients, the elT(>ct on thecaltium 
b dance “ccmiHl to mcrciH* with duration of treatment (compare in Iig 
83, periods 10 to 14 Mith periods 15 to 18) riirthcrmore, nitli the improv e 
raent m talciiim balince wiUi testosterone propionate therapy, there was 
a nso m tlio alkaline piio?phatast Ic\cl Afcthy 1 testosterone had n similar 




Fig 83 Metabol cStud> on EffectofEsIradiol Benzoate TeslosteronePropionate 
and MethvlTestcsteroneon ft Fesnale Patient (U B M G H 339 > witLO teoporteis 
due to Cushing s S 3 ndrome Case No 15 

For eTpIanatiOD of construction of chart sec Appendiv page 309 
BTiereas the data are not aery salisfactor} whereon to judge the effect of estradiol 
benzoate note in periods that the calcium balance became negatitc-lO da3'3 after ces 
satioD of estradiol benzoate therapy Note that testosterone propionate and metb3l 
testosterone had an almost inunediatclv beneficial effect on the nitrogen balance 
whereas their effect on the cakram balance was cumulative (compare periods 10 
through 14 with periods 15 through IS) Note that the scrum phosphatase let el con 
tiDued to rise as the calcium balance tmprored which suggests that the osteoblasts 
werestimulated to increased activity Note that dehydro «oandrosterone acetate was 
ineffective in inlubiting the rebound in the nitrogen and phosphorus balances on 
cessation of testosterone propionate therapy (period 43) (From \lbright (IW 
1943) Reifenstein and Albright (1917) and \lbnght {194"a) recharted from 
Albright, Parson snd Bloomberg (1941) 1 
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effect to thiit of testosterone propionate, dehj droisoandroaterone acetate 
apparcntl> had no effect The first patient (sec Fig 82) received tes- 
tosterone propionate, 2o mg dailj for 1 1 fiv e-<Hj metabolic penods It 
v\as calculated that slie retained nitrc^cn at the rate of S per cent per 
month of the nitrogen content of the entire bodj of a normal individual 
of her size, or about 19 per cent for the 70 dajs during vrluch she received 
the medication With this positive nitrogen balance there was hkoni«c a 
marked improvement m her calcium balance vvath an elevation in the 
scrum phospliataso level, the index of osteoblastic activitj It will be 
seen, as discussed above, tliat her phaspliorus retention when corrected 
for tlie amount retained vvath calcium in the hones (Ca/P = circa 2 0) 
VI as about proportional to the nitrogen retention if one U'cs the ratio of 
nitrogen to phosphorus m muscle tissue (N/P »= circa 15), it wall he re 
membered, furthermore, that potassium and sulphur were also retained 
proportionatcb to their ritio» with nitrogen m mu«cle It i» suggested 
from thesso observations that testosterone therapj in Cushing’s sjndrome 
stimulates the anabolism of protoplasm, which, in bone tis»uo, means 
stimulation of osteoblasts to hj down osteoid 
Although scvciul mvcstigatore, including Dunn (1938) and Kakoff, Can 
tarow, and Pnschkis (1941), have reported a beneficial action from a purclv 
clinical point of v icw of estrogens m the treatment of Cushing s ndrome, 
and although the osteoporosis m this condition is v cry «innlar to tliat seen 
m the postmenopausal state, Albnght, Pardon, and Bloomberg (1041) 
concluded from metabolic studies (calcium, phosphorus and nitrogen) 
on two patients tluit estrogen was without effect Pcrloff, Rose and 
Sundorman (1913) also reported an inconclusive effect of estrogen on the 
calcium metabolism in Cushing’s sj ndrome A further analj'sis [Albnght 
(1947a)] of the data of Albnght, Parson, and Bloomberg (1941), however 
shows that their conclusion is not justified It is true that estrogen has no 
beneficial effect on the nitrogen balance which was m marked contrast 
to the effect of testosterone propionate On the other hand, it is quite 
clear that estrogen administration did Iwncfit the calcium balance Tims, 
in their patient No J (sec lig 82), cstn^n therapj while apparcntlj 
adversely affecting the mtro^^cn balance, increased the calcium balance 
later m the same patient the addition of estrogen administration to lhatof 
testosterone propionate further improved the calcium b dance In their 
patient No 2 (sec Fig 83), estrogen Uiorapy was starte<l before the metn 
bolic studj was initiated, so its effect is hard to evaluate, none the lcs.s, 
further metabolic studios undertaken 35 dajs after omitting estrogen sliow 
that the calcium balance had changed from n positiv e to a nogativ e one 
The ‘ S Uonwonc as judged bj vis effect on patientss with Cu«lmig’s> 
Sioidrome has a marl ed predilection for the spine and pclv is Conv crselj , 



170 Tire p\n.\TimioiD glands \nd metabolic cone dideuse 

if one ■were to rceo\er from Cushing’s syndrome, one would expect to •see 
changes in the spine and pelus and no cliangca m the extremities 
In Fig 84, 85, SO, and 87 are «!hown tlie \ ra\ findings of the lumbar and 



Fig M Photograpb of an \ ra% Film of Lower Lumt ar ^ crtcbrae of a Girl (I G 
M G H 3o0^)0) wilL ^>cre Osteoporosis Juc to Cushing s S^niJromc Before Rmiv 
er> 

Film taken June 6, J942 Note that the xertebrac except for their end plates arc 
no denser than the intervertebrsf iIisLs note also that the inters ertchral dt<ks ha« e 
expanded at the expense of vertebrae so that thev are now wider than the vertebrae 
themselves IFrom Albnght (1943-1941), Mhrt^t, Reifenatem, and Forl>es (1910) 
and AJbnght (1947s) I 

lower thoracic ‘•-pine of a female patient {I G , M G IT 350200, a 15 xear 
old giri at the time of the «econd \ rav (7 10-45)] liefore and approximalel) 
15 montJis after the cessation of the actintj of her Cushings stTidrome 
A more detailed case Iu«toT3 will appear elsewhere, «ufijceit to saj that the 
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agent responsible for o\crcomjng the actnitv is not dcfinitelj known 
The Jmp^o^cment maj Imc l>ecn spontmeous it maj hi\c been the 
re'5uU of testosterone therapy, it maj ha\c been the result of \ raj irradia 


Fig 85 1 1 otograpli of an \ ri> Filmof lAiwcr I umbar \ prlPbracofaGirl (I G 
\f G If 350200) w ith Severe Osteopoms s Approximately Fifteen AfontI s After Ke 
cover} from Cushing s S>i drome (cf Fig 81) 

Film taken Jul) 3 1015 Note that intcrvcrte! ral discs ! avc been squccied to 
getl or and that centers of vertebrae remain ra lio translucent in marked contrast 
to dense bone which has been newly laid down For furtl er nnabsis of changes sec 
1 ig 8S and 80 {From Albnglt Kcifcnslcin, and Forbes (lOlG) and Albngl t 
(lO^lTa) 1 

tion of the pituitnrj gland Hic tune sequence suggests the Kst Itwill 
1)0 notctl m Fig 87 tint the mtcrvertcbml discs were squeezed together 
again as a result of the grow th prcNSure In Fig 8S arc depicted in diagram 
malic torm the authors’ iiiter])rLtution of (V) the normal xertcbral find 




178 THE PARATIITROID GLANDS AND METABOLIC BOVE DISEASE 

ings in an individual of her age, (B) the findings m the patient before re- 
^n\eiy, and (C) the findings m the patient after rccoAcrj Fig 89 



Fig "AB t^oAograph oi ttnXTSo Fiinioil troerl.’cniibar S ertct>r!jeoi aGnl G 
M G H SoCy’SO) with Severe Osteopotosia tine to Cashing s Syndrome Before Re 
covery 

Film taken June 6 104'’ For d scussion see legend to Fig S4 (From vUbnght 
Reifcnstein and Forbes (lOlG) and \tbnght (194~a) I 


represents a tracing of the \ertebrae ^own m Fig 84 and 85 together witli 
an analj’sis of the coraparatne widths of the \ertebrae and intert ertebral 




Fig S7 Photograph of an \ riiy Film of Lower lumbar \ertcl rae of 1 Girl (I G 
M G II 3o0^00) with Se>erc Osteoporosis Approximately Fifteen Months After 
Ilccovcry from Cushings Syndrome (ef Fig M) 

Film taken July 3, 191S I or discussion sec legend to Fig So [From Albright, 
Ilcifcnstcin, and horlica (lOIC) nnd Mbright (1947a) 1 

<low-n of densy new Imnc, that bone a\hich existed licforo rr'coacry 
remains ^cr3 o>tcoporotic It was only because this patient was still 




Fig 88 Schematic Iteprescntations of Interpretation of \crtebral Changes in 
Fig 84 and 86 Before Hecovery (B) and in Fig So and 87 Approximately Fifteen 
Months After Recoxery (C), as Compared with Normal Findings for the Same Age 
(A) 

a •= cartilaginous end plate of \ertebra b ■= bonj part of vertebra c nucleus 
pulpofius d = bone laid down afterrecoverj by cartilaginous end plate, and e^bone 
laid down after recoicrv b> periosteum Note in (B) that nucleus pulposus is ex 
panded at expense of \crlebrae because of decreased resistance of vertebrae Note 
in (C) that nucleus pulposus has been partially squeezed together again bx growth 
pressure (From Albright Rcifenstein nnd Forl^ (I&46) and Albnght (1917a) 





(A) (B) 

Fig S9 Tracing of A ertel rae Shown in Fig 81 and So, (A) \ ertebrae on 2 1(M3 
Before Recoverx (B) \ ertebrae on 7 10-15 Approximately Fifteen Months After 
Recovery 

Note that osteoporotic centers of xertebrae in (B) baxo same configuration as 
whole X ertebrae on 2 1Q~43 ( A) Note that tbc sum of tl e w idths of t! e six inter 
vertebral disks in (B) is shorter than tlesumm (A) in spite of tl cfact that the total 
length of the vertebrae in (B) is greater than the total length in (A) {From Albnght, 
Rcifcnstcin, and Forbes (191G) and AJbngbt (1917s) j 
ISO 
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K'on mg tliat thc^e remarkable changes could be demonstratctl It taken 
a long time in the adult to demonstrate increa«ctl den^it\ of the vertebrae 
after nlle\ lation of the attintj in Cushing's ‘sjmdromp In Fig 90 is seen 
the \ raj of the wnst taken approximatelj 15 months after reco\ erj One 



Fig 00 Pbfitogrupli of im \ m) Film of tlicttmtsof n f irl (I G M C If 3502CO) 
ApproximatcK Iiftccn Afonlls after Ilecover> from CiL«hmK8 SwiiJr* me 

Film taken Jill} 3 1915 Noteahsenceof anj cl angoindtiisitn of ll at I >ncma^t 
rccentb Jai J down in juxtaposition to tlie einphjscal c-irtilipM (tram tllmehC 
Rcifenatein and lorbes (19-I0 ),bih 1 Mbnght (I9l”a) 1 

i‘i impre^l bj the 1 ick of a zone of increa<»nl dcn«it\ adjacent to the ruhil 
cpiphjseal tarliUge, this is strong e\itlcnee rli it the S” hormone was not 
affecting the dcnsitj of the bone being hud down at the nxi't The rt 
markable change in the nppt tmnccof thepttienti>«‘!Kmn in Fig 91 and 92 
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(G) OsUoporosti Associated mlk “Alam Reaction" {'Adaptation Syndrome" 
of Selye) 



(\) (B) 

Fig 91 1 hoto^aplis to Contrw a Patient with Cushing s Sj-ndrome Before and 


After Recovery 

\ = Patient I G (M G H 3302CO) in Julj 1942 at 11 years and 10 months ivith 
Cushing 3 sjndromc before recover) , B — the same patient after recover} in July 
1945 at 14 jears and 10 months There is a separate scale for each photograph 
[From Albright Reifenstein, and Ftffbes (I9IG) J 


these he grouped together under the term “Adaptation Sj-ndrome” He 
•tubdmded this sjndrome m animals into three parts (l) “Alarm Re- 
action”, (2) Stage of Resistance”, and (3) “Stage of Ethau tion” He 
further subdmded the “Alarm Reaction” into the phases of ‘ Shoch” and 
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"Counter^liock” 'U'hcn this important concept was taken o\er into 
clinical medicine, some difficultj encountered m telling just nliere one 
Eub(hvi<!ion ended and the next b^an, this confusion has resulted m the 
use of the term “Alarm Jteaction” as practicallj s\TiQnj'mous wth the 



(\) (B) 

Tib 92 PIiotOBrapha to Contrast a Patient n lUi CuslitnB s Sj ndromc Before and 
After Becover^ (cf Fib 01) 

See legend to Fig 91 (From Albright, Ilcifenatein and Forbes (19tC) j 

term “Adaptation SjTidrome”, and the term “Alarm Reaction" is uswl 
here 

11)0 most important features of llie Alarm Reaction h i\e to do \nth the 
altcntions m adrenal cortical function Tht<50 ha\c l>ocn discusv'oil at 
length b) Albright (1942-1913) and bj Droune (1911) Rncfl) stated, \\c 
bclicte as discussed abotc that tlic adrenal cortex norm illj puts out among 
others two tjpes of steroid hormones (1) the ‘ >»itrogcn’’ or “N" hormone 



ISI Tin: r4R.\T»ynoiD guwds am> metmjolic Dost di»e.\sf 

(irfM p 1C7) \\hicl» stimulates protoplasmic anaboltm, ami (2) the "Sugir" 
or “S" hormone («ee p 105) which iidiihjls this anabolic function 
rollon ing injurj, infection, or anoviCMis ‘itimulus of am kind, there mu 
boa lemporarj increase m '*X” hormone release from the adrenals ns judged 
by the 17-kctO'tcroid excretion, folloneil b> n (locrea«e to subnormal levels 
nhich lasts until convalescence is ncarl> completed [Forlies, Donahhon, 
Rtifenstcin, and Albnght (1947)) Tlie “S” liormono production, on the 
other hand, as judged by its cvcrction m the uniic h} hiologital as-ii} 


IVA’au 
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Tig W Schematic Diagram to Illustrate the Authors' Interpretation of (he 
Kclationahip of ' >” Hormone Production to ' Hormone Production lu the Nor 
mat and During V arious Dia^cs of the “\ltrr» llc^ctmn" 

Note in the nornni pre damaged stale that the ' N” hormone and ‘ h ’ hormone 
production cfjuaj each other or at least are balance*! In A, the inmie<lnte (>cn<id 
folloning the damage (nrea 12 to -IS hours), there ts a discharge of lioth "N " and * ^ ’ 
hormones from the adrenal cortr*,latcr(n> the hormone pro<luet ion falls Moo 

normal white tlio *‘t5 ’ hormone pro<luciion continues high, after n period of dajs, to 
weeks, to months, depending upon the condition, the levels return to norra-al (C), 
finalb there maj bo a slight reversal in the other direction until the lK>d> « flgam 
built up (D) (Prom Vlhright (11I2 1»I3) J 

[\’cnning, Kaimin, and BcH (1910)], and by cbcniieaJ as.<ij of Il-on' 
stcroula [Talbot, Sallzman, Wiaom, and IVolfe (1915)], with tlic "X” 
hormone but rcmaiiia elev ated until conv afescence i? pncti’calli comphto*} 
[Venning (1915)] ’Ihes; v arious phases of the Alarm Hcaction in tenns of 
adrenal cortical function are '‘hown dtagramnulicnll> in Tig 93 The 
oarl> stage in vihich both the “N" and “S” hormones are reltveil u 
probahlv nnalagous to the end of the Countcrihook Ph irf in ammaU, wlx n 
the adrenal cortices histolopcalJi sIioh depiction of Jipid granules '-flic 
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prolonged pha'^ of low honnonc coupled xnth Ingh “S” hormone 
production probablj corresponds to the Stage of Resistance in animals 
In those debilitated patients where a damaging e\ ent is not follow cd bj a 
n-=c m the 17 ketosteroid excretion preceding the fall, it is probable that 
previous damaging events ha\e alreodj induced the Stage of Resistance or 
c\en the Stage of Exliaustion 

It wall be noted that both Cuslung’s syndrome and the Vlarm Reaction 
liavc in common a high ‘ S” hormone production This probably accounts 
for the followang features which these two conditions ha\c m common 
decrease m lymphoid tissue, leukocytosis, msulm resistance, muscular 
weakness, retarded growth, and decreased production of protoplasm m 
general 

Decreased production of protoplasm m terms of bone economy moans 
osteoporosis This probably accounts in part for the increased calcium 
excretion after fractures [Cuthbertson (1930), confirmed by Ilowanl, 
Parson, and Dirham (19I5.b and by ourselves /‘•ecp So and 205^), and 
after orthopedic operations (see Pig 94) The osteoporosis a&socntwl 
with the Alarm Reaction also rospond!> to e^t^ogcn therapy («ec Fig 03) 
In young males estrogen therapy is probably tontramdicated because of tho 
danger of testicular tubular sclerosis and re^Umg sterility 

Tho whole subject of the relation of the Alarm Reaction to calcium 
metabolism is complicated by the fact that most damaging e\cnts are 
followed by a certain degree of immobilization and by a decreased focxl 
intake, both of which in themsehes cause osteoporosis (“cep 147 and 149) 
Indeed, that these two factors may account for the increased calcium 
excretion followang fractures and orthopedic operations is suggested by 
studies m whicli individuals were put to bed for a period of time before 
operation, and were fed intravenously bcfoit;, during, and after operation 
so that both the activity and the intake were constant throughout In 
tlieae studies, y\e found the expected loss of nitrogen and phosphonis, and 
tho c\pecto<l decrease in the 17 ketosteroid excretion, but little cliangc m 
the calcium excretion after operation (Albright, Rcifen«:tcin, and Forbes 
(1944)] Such a Btud\ is shown in Fig 04 

^Ictabolic Study bfo 9 

Case No IG Alarm Reaction due to Spmal Fusion for Spondyloli" 
thes)?, 100 per cent Intravenous Feeding 

U 11 01 C* II 4501%), n 21 year old man jn good tcncralliMltli and nblc to 
chop nood,)iad as ha only complaint a low bach, acho occasioned by epondylo- 
listhosis He entered for a spinal fusion If© was jnit to bed ten daja prior to 
the operation in order to keep his physical actnitj constant thn URhout tl c 
Btudj Starting ten days before tho opcratiotj he w ns fed entirely by % cm a con 
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(see p 1G7) which stimulates protoplasmic anabolism and (2) the '‘Sugar’ 
or 'S” hormone (■^ce p IGo) which mhibits this anabolic function 
Following injurj, infection, or ano\ioiis stimulus of an\ kind, there ma\ 
bo a temporarj increase in ' N‘’ hormone release from the adrenals as judged 
b} the 17 ketosteroid excretion, followed bj a decrease to subnormal Ie\ol3 
which lasts until convalescence is nearlj completed (rorbcs Donald«on, 
Reifenstem, and \ll)nght (1947)) The “S" hormone production, on the 
other liand, as judged bj its excretion in the urme b> Inological assi) 


DAMAGE 



Fig 03 Schematic Diagram lo Illustrate the Authors* Interpretation of lie 
Itelationship of ‘ N Hormone Production to ‘ • Hormone Production iii the Nc r 

mal and During \ anous Phases of the ‘ \hrni lie iction * 

Note ID the normal pro damaged slnlc that the N hormone and ‘ S hormone 
production equal each other or nt least arc balance 1 In A, the immednto period 
following tilt damage (rirro 12 to 4Shoiira>, there isn discharge of l>oth‘ N and '' 
hormones from the adrenal cortex, later (B) the* N” hormone production falls Iwloa 
normal a hilc the ‘ S ' hormone production continues high, after n period of daj-s, to 
wcehs to montlis, depending upon the condition, the levels return to normal (C), 
rmall} there mav be n slight reversal in the other direction until the bod^ ls again 
built up (D) (From Albright (1912 l»t3J | 

[Venning Ivazmin, and Bell (1940)), and bj chcmicil of II oxj 
Bteroido [Talliot, Siiltzmm, M i\om, and Wolfe (1945)), ri'Cs with the “N” 
liormonc but remains elevated until conv alcacencc h pncticallj complctini 
[Venning (1915)] These v anous phases of tlic Al trm Heivrtion m terms of 
adrenal cortical function are shown dingramnuiticall> in Fig 03 The 
earl} stage in which both the “N” and “S” iiormoncs are rLlca>c<l n 
probahl} analagotis to the end of the Countershock T’hasc m nnimah., when 
the adrenal cortices histologicallj «how depletion of lipid gmmiliM The 
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prolonged phase of low “N” hormone coupled with high “S” hormone 
production probably corresponds to the Stage of Resistance m animals 
In tho^e dcbihtated patients where a damaging e\ent is not followed bj a 
nse in the 17 ketosteroid excretion preceding the fall, it is probable tliat 
previous damaging events ha\ c alrcadj induced the Stage of Resistance or 
even the Stage of Exhaustion 

It wall bo noted that both Cushing’s sjTidrome and the Alarm Reaction 
have m common a high “S” hormone production This prob iblj accounts 
for the followang features which these two conditions have in common 
decrease in lymphoid tissue, leukocytosis, insulin resistance, muscular 
weakness, retarded growth, and decrea<ed production of protoplasm in 
general 

Decreased production of protoplasm in terms of bone economj mcaas 
osteoporosis This probably accounts m part for the increased calcium 
excretion after fractures (Cuthbertson (1030), confirmed b} Howard, 
Parson, and Bigham (1945), and bj oureeKcs («ec p 85 and 295)), and 
after orthopeilic operations (sec Eig 04) Tlie osteoporosis associated 
with the Alarm Reaction also responds to estrogen thcrapj (sec Tig Go) 
In young males estrogen therapj is probably contraindicated because of the 
danger of testicular tubular sclerosis and resulting steriht) 

The whole subject of the relation of the Alarm Reaction to calcium 
metabolism is complicated by the fact that most damaging events arc 
followed by a certain degree of immobilisation and by a decreased food 
intake, both of which m themselves cause osteoporosis (see p 147 and 149) 
Indeed, that these two factors may account for the increased calcium 
excretion followang fractures and orthopedic operations is suggested bj 
Studies m which individuals were put to bed for a penod of time before 
operation, and were fed intravenously before, during and after operation 
so that both the activity and the intake were constant throughout In 
these studies, we found the expected loss of nitrogen and phosphorus, and 
the expected decrease m the 17 ketosteroid excretion, but little change m 
the calcium excretion after operation [Albnght, Rcifenstein, and Forbes 
(1914)] Such a stud> is showai m Fig 94 

Metabohe Study No 9 

Case No IG Alarm Reaction due to Spinal lusion for SpondjIoli«! 
thcMS, 100 per cent Intravenous Feeding 

Jl II (M G II 450l9G),a2^3e■lrol<llnftnlnEoodgene^a^p^lthnn^la!^Icto 
chop w ootl hnd nq hia onlj complaint a low tiick ache occasionetl |i\ spondj lo 
Itatlosia lie entered for a spinal foaion Re waa put to beil len daj-s prior to 
the operation in order to keep bis physical aclivitj constant throughout the 
stu ly Starting ten daj-s before tbo operation he was fed entire^ by rein a con 



ISO Tnr PMUTlITnOID GL-VNDs A^D MCTABOUC noM 



9t Metnbolie **tu I> on Effpct of n II nr Optration on a IlMltliy \JuIl'l'n 
(R II , M G II 430n|r) Maintvnr*! I xrlusi^clj on a Constant Intrsacnouji IntftVe 
of Carbohjdrate and Casein fl'droIpBate (\roigcn). Case So IC 
For explanation of construction of chart ere \i pondix, papr 300 
Note particular^ Ihomarkcdl} neRaiiTmitroRcnand phcopl irus I alancra imnc 
diateh followinR operation jn spite of constant intale tl e lacV of marlr'l cl anp! in 

the calcium balance after the operation, and tliesfiift in tlepotaMKim I af inert* ward 

the rccati\e«idc altl ouch leas potasaiom was I »«l than noul I l>e expretr I fn m lie 
nitrogen balance Note tliat the chart has I*en cwialnictr*! witl out feral ralnea 
since there were virtuallj no fecn dunns the intraien us alimentation IFrnta 
Mbright, Reifenstem, and Forbes I 
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slant intake, he received nothing by mouth except water rj desired The 
intravenous infusion mixture was made up as follows 3000 cc of water containing 
300 gm of glucose (1200 Cidoncs), 150 pn of casein h> c/rolvs etc (Amigen) (000 
Calorics), 12 75 gm of sodium chloride in addition to that in the Amigon,2gm of 
potassium chloride in addition to that In the Ainigcn, 50 mg of % itnmin C, 2 mg 
of vitamin K, 5 mg of vitamin Bi, 75 mg of nicotmamid’, 2 5 mg of calcium 
pantothenate, 5 mg of p>dridoxine hxdrochloridc, and 2 mg ofnboflasin Thf 
total caloric intake nns 1800 calorics The intravenous infusion was given uvci 
a period of 7 to 9 hours cich da\ without complications fora total of 20conscc 
ultv c daj's The lilood lost at operation w is measured aiul rcplaccil l>> trnns 
fusion after the operation At the end of thecYpenment the patient was put on 
a soft solid diet for one meal and then on the routine hospital diet There were 
no transitional gastro intestinal sjmptoms TIils cose has l>ccn mentioned in a 
previous communication ( Mhright, Ileifenstem and I orbes (19^14)] 

The metabolic stud^ was begun after the patient had been in bed and had been 
on total intravenous feeding for two da)s The metabolic data of Case No IC 
are shown in Fig 94 The studj covers 21 diva The data in I ig Olareself 
explanatory During the eight control dajsthc patient was m nitrogen cqmlib 
nuin, during this period hts weight was stationarj Following the operation 
he remained in nitrogen equilibrium for 24 hour8,thcreafter he went into a mark 
cdly negative nitrogen balance which reached n peak of 9 0 gm on the sixth post 
operative da> , lux negative nitrogen balance then decreased and was onI> 1 4 
gm on Die thirteenth post operative dav During the remaining three dej-s of 
the expcrimcDt the negative nitrogen balance again increased probabl) due to 
a small pressure area occasioned bv his cost Tlio phnsphurus balance oiil) 
roughly paralleled the nitrogen bdance There was an unexplained positive 
phosphorus balance duriog the control da>a, ami throughout the experiment the 
phosphorus balance tended to be less negative than one would have expected 
from the nitrogen balance 

One of the most striking findings was the failure of the calcium balance to 
become marked!) negative after (hc<i|icration Moreover, the urinnrj calcium 
almost e\actf> equalled the calcium intake (331 mg ) Ordmarilj the calcium 
content of the feces on a low calcium intake is much greater than the intake In 
thiscnse,8incc there were virtual!) no feces (r«<fcin/rfl),aUof the calcium opp «r 
enti) was excreted in the unoe 

Perhajw one of the most interesting aspects of this case was the lack of ftcal 
excretion after the first few dal's This is remuuscent of the ‘ fasting man” of 
Benedict (1915) who fasted 31 davs and had no fecal excretions after the first few 
da)8 Thia stud) brings up the feosiliilitj of feeding n patient 100 per cent bv 
vein We suspect tint 100 per cent intravcnoin feeding is verv dilTcrent from 
95 perccntintravcnoiB feeding Itwouldappcarfromthcnlaenceof fecalexcre 
tions that the gastro intestinal tract must have been at complete rest Fciding 
100 per cent b) vemma) constifutcaincansofthcrnp) insuchconditionana gun 
shot wounds of the abdomcn,c<>litt3,intcstiRal obstruction, ruptured gut.firc/cra 

In T ig 91 It w ill Iks seen that the 17 kctostcroid excretion remained pnctienllv 
constnntthroughnnd including the first dav afterthc operation, after which there 
was a marked fall This isstrongevidenco that the fall after operot inn which wo 
hav e emphosircd clscwhcn. (I orlica, Donaldson, Reifcnslcin, and Albright (1917)1 
IS not due to a decreased food intake such as usuall) occurs after an operation 
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(11) Os^foporostAo/ \cromeQaly 

Although from a clinical point of tjcu demineralization is not an im 
portant feature of acromegnh, there la con idcrable CMilencc tliat Ihh 
condition IS as. ociatod with a Ichs of calcium probal)!\ on an osteoporotic 
ba.«i« Bauer and Anb (1941) u^mg a neutral, lo\r-calcium rather low 
nitrogen diet (circa 10 gm per da\) studied the calcium metaboli m of 5 
acromegalic patients Four of the fi\e patients escreted much more 
calcium m the unne than normal Tlic fecal calcium CNcrctions were 
normal Furthermore the four piiicnts who Lad hj-pcrcalcuna acre in 
negatne nitrogen balance ulule the pitient who did not ime hv'pcrcalciin.a 
was in positne nitrogen balance, what is more the patient who liatl the 
ma-^t hsTiercalcuna was in the greatest negatue nitrogen balance We 
haae data on two ca'^s of acromt^li (Ca<5e \o 17 (Metabolic Stiid\ 
No 10) and Ca*v Iso 18 (Metabolic Stiidj No 11)J both of whom re 
cci\cd a high nitrogen intake Both of tbc-o patients had markedly 
negatiae calcium balances m «pitc of nitrogen equilibrium Tlic «enim 
calcium phosphonis, and phcr'pliatase salucs in acromegah arc con-i tent 
mth an O'tcoporcMa and inconsistent with almost an\ other metabolic 
bonedi«ease Thus tlie'cmmcalciumand pha*phata.sj\alucsarcnormal 
and the «cnim phosphonts level u<fualh defimteh high (circa 4 3 to 53 
mg percent) ev en higher than in the past menopau al«tafe The average 
«erum phosphorus value of 14 acromegalic patients rcportwl b\ Ileifen'tcm 
Km«oll and Albnght (1910) wa* 4 33 mg per cent as compared with 3 75 
and 3 21 mg per cent the average values for 42 cases of postmenopausal 
osteoporosisand fornorraal individual* rc iwctivclj AHoftheiliffercnces 
are significant ‘‘tatisticalh 

\s a cau«o for the demmcraliiation of bone in acromegalj, five po«i 
bihties come up for considcntion 

( 1 ) There are tho»c w ho attnbuf e the demineralization to an acrompanj 
ing hj pcrp.aratlij roidion For a discussion of this aspect, see Perlman 
(1914) Tiie argument re~ts mosth on the fact tLat h 3 'perpla«ia of the 
parathvroids and even parath^Toid adenomas commonlv accomp-anj 
eosinophilic tumors of the pituitatj However almost all organs are 
hv'portrophietl in acromcgalv, «o hjpcrplasia in it«clf aigucs more for a 
compcru-atoia increased prodiictioQ aa oppo^l to an overproduction 
\gun t the demincnliz.ation being due to a h^pcriiarattoroidi-un arc 
the ab once of a high sinim plioppliata.«c level, tlie elevation rather than a 
lowering of the 'onim inoiaianic pho^phoru.-' level [Ilcifcn«'lcm Kinsi 11 and 
Albnght (1910)] and the absence of a hjpercalcimia This does not meui 
tliat hvperparathvrouli m due to a parnthvToid adenoma maj not be a 
rrlalivclj frequent compile ition of acromegah , because of the tendenej for 
adenomata to develop in hj^pcrplastic indeed, in our clinic we Lave a 
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patient mtli kidnc> stones and acromogaI> who has a high «crum calcium, 
a normal ratlier than a high «!oniin pho phorus and marked hj'pcrcalciiria 

(2) The second possible explanation of the demineralization m aero 
megalj is that eosinophilic tumors of the pituitarj maj produce an excess 
of the corticotropluc hormone and thus load to an over production of the 
‘ Sugar or ‘ S hormone and that thi-, m turn maj lead to ano-^ttoporoMS 
(see discussion on Oateoporosis of Cushings S\ndrome p IGo) The 
hjT>erplasia of the adrenal cortex nhich accompanies acromegalj might 
support this pot}ics}s espeaai}} suico the 17 keto^toroui excretion is no*^ 
elcxatcd m acromegalj [Fraser Forbes Albnght Sulkowitch and Ileifen 
stem (1941)] so that the hj'perplasia is not due to an oxcrproduction of the 
17 ketofttcroid precursors of the adrenal cortex (see p 107) Ihc fact 
that the S ’ hormone inhibits the growah hormone p 160) docs not 
preclude its oxerprodiiclion in acromegaly since in that condition there 
maj be too much growth hormone to Ik* cnlirelj inhibited The problem 
sliould be si,ttle<l easilj bj the dclcrmin itiou of the 11 oxjcorticostcroid 
(sec page 158) and cortin excretions m the unne flicsc studies arc m 
progress 

(3) The third possible explanation for osteoporosis m acromegalj is that 

eosinophilic tumors of the piluitarj maj produce an exccs-> of the thjro- 
trophic hormone and thus lead toanoicrprofinction of the thjroid hormone 
and that thia m turn maj lead to an osteoporosis (sec di cushion on the 
relation of thjrotoxicosis to osteoporosis p 119) 1 he hyperplasia of the 

thyroid which occurs in acromegalj might support tins luTiothesis es 
pecnlly since DaxidolT (1920) found the metabolic rate elcxated m nil of 
70 cases SubsequentU honcxer Cushing anil Duidoff (1927b) pointed 
out tliat the increase in the metabolic mic pcr^istcrl after Ihj roidcctomj and 
hence was probably not due to the thjroid This ob erxntion together 
wath the lack of other manifestations, of thjrotoxicosis in most patients 
with acromegalj, renders less plausible Uic assumption that there is an 
oxcrproduction of thjroid hormone in these patients and that this is tlie 
cause of the ostcoporcMs 

(4) A fourth possibilitj is that the increased protopl ismic m m 
acromegalj (see enlargement of all organs) requires a higher nitrogen intake 
to keep in nitrogen balance Hence the likelihood of an inadequate nitro 
gen intake is increas-ed Tbisfaxors Uie po- ihilitj of there being too little 
material for the osteoblasts with xxhicli to build bone matrix which m turn 
might result in osteoporosis (•see discussion on 0'<tcoporo'is from ^fal 
nutrition p 148) In other word there i> a demxnd for ammo acids hj 
all tivsiies and the lione matrix loses out because of a low pnontj rating 
Tlie normal scrum phosphatise Icxel faxors osteoporosis This cxplan 
ation Is in agreement xxith the findmg of Bauer and \ub (I9tl) mentioned 
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aboN-e of a rclationMup belvieen ttie caltimn and the nitrogen balances m 
patients mth this di&order 

(5) The fifth and moat obvious posstbiht} is to relate tlie bone disorder 
to the h>’pogoDadi«m nhich aecompaniea mo^l ci'es of acromegalj m 
other Morda to liken ib to the ONteoporo«is encountered m the poat meno- 
pau a! state If tJiia is the correct erplanation, the condition should re 
spond to estrogen therapy , it doea Aletabolic studies were earned out on 
two cases to determme the effect of estrogen therap} In each case the 
negative calcium balance was turned into a positive one the ‘^erum phos- 
phorus lev el wTis lowered and in one case the serum phapliatasclevel was 
elevated (see lletabohc Studies \o 10 and II) One of the two casc» 
(Case Is o 17) had a definite reduction m the size of the hands w ith estrogen 
therapj, and most coses of acromegalj are chnicoUj benefitecl bj the 
estrogemc medication This explanation runs into difficuUv however, m 
men who have no apparent gonadal dcficiencj For evample Ca®c \o 
IS («ee Metabolic Stud^ 2no 11) who had a normal folIicJe stimuLoting 
hormone excretion and normal findings on testicular biop-^v liad a mardedlj 
negative calcium balance which became «trongl} positive with estrogen 
therapj All m all, howev er, the authors rat her fav or the fifth hypothesis. 

Metabolic Studj Iso 10 

Cose Iso 17 Acromegalj yVmenorrhca, EMradio! Dipropionato, Di 
ethvLstilbesfrol and Progreslerone Therapv 

C ? (Vf GII 31*319) aoISjearoWgirt hid fcer first catimema itMjears 
\t 16 two vears before admicgion sbe becime smcnoirbeic anti sturted to grow 
at aa accelerated rate one year before adraissioo she developed chronic fatigue 
an excessive appetite a weight gAin of 20 pounds puffiness of the hands and 
feet and around the eves numbness of the hands and forearma and ao lacrea'c 
ID the hair on the face arms and legs but no change tn the hair of the I cad 
JJer VO cc which had always been tow, did not change Vlild acne hid been 
present on the face for four years There were no LeidacI es and no gaslro 
intestinal or visual sym; toms 

Physical examination showed x tall (69 in ) xrell nourished (ISO pounds) girl 

Fig 9a Effect of Estrad ol Benzoate Therapy (Patients B atid C) as Compared 
with No Hormone Therapy (Patient V) on the Calcium Balances in 1 iticnts with 
Osteoporotic Process due to Operation and Immobilization 

For explanation of construction of chart see appendix page 300 

All three patients were active healthy adults before operation Note the locrcssed 
calcium excretion mostly urinary after the operation m patients (B) and (C) com 
pared with before the operation in patient ( \) note the decreased calcium excretion 
in patients (B) and (C) under estradiol benzoate therapy whereas the n creased 
calcium excretion persisted in patient (A) who did not receive lomione therapy 
(Froni Reifenstem and Albright (1&17) and Albright (lOfa) j 
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with a square muscular build, a promineot jaw, large, pale, pu(T\ hands, and 
hirsutism of legs, arms, abdomen, and face There was mild acne on the fore 
head Examination of the fundi and the \i3Ual fields was not remarkable The 
teeth were not separated, the thjToid gland w as not enlarged The larjnx was 
moderatelj large, the breasts well dexelopcd, the clitoris not enlarged, and the 
pelvic organs not abnormal Blood pressure was 110/70 The remainder of 
the examination was not unusual X rajs of the skull rexealed no enlargement 
of the sella, films of the hands showed no tufting of the terminal phalanges, 
X raj-s of the spine shoiied decreased density of bones with multiple herniations 
of nuclei pulposi into the lumbar and thoracic vertebrae, n ith anterior n edging 
of the first and second lumbar vertebrae, and with slight thoracic kxphosis, 
there was no increase in the anlero posterior diameters of the x-ertebrae Ijib 
oratory studies serum calcium 10 9 mg per 100 cc , serum phosphorus 3 9 mg 
per 100 cc , serum alkaline phosphatase 4 0 Bodanskj unils, serum total protein 
64gm per lOOcc .senimsodium I39 5in eq pcrliter,scrumpot3SSium4 Sm eq 
per liter serum chloride lOS m eq per liter, serum carbon dioxide content 27 7 
m eq per liter, scrum cholesterol 2(Q mg per 100 ce , glucose tolerance te«t nor 
mal insulin tolerance test— insulin resistant, basal metabolic rale plus 15, 
follicle stimulating hormone in unne — negatne for 6 5 mouse units per 24 hours 
(low), 17 ketosteroid excretion in urine 17 7 mg per 24 hours (normal), “11 oxj 
steroid" excretion in urine 0 16 to 0 30 mg per 24 hours (normal), and unnarj 
corticosteroid excretion bj biological assaj— positive for 3 and negative for 6 
mouse units per 24 hours (normal) This case was mentioned m a previous 
communication [Reifcnstein, Kiosetl, and Albright (1D46)] 

TbemetaboIicdataofCaseNo I7areshowninFig '^6 Thestudj, conducted 
in SIX dav stool periods, consisted of (1) six control periods, (2) 27 dajs with 
estradiol dipropionate S mg intmmuscularlj each daj at homo, (3) transphenoi 
dal removal of part of the pituitary gland, (4) 164 dajs without thcrapv at home 
(5)30dajs withdiethjlstilbestrol I nsg bv mouth daily at home, (C) 94(la}'xWilh 
diethjistilbeatrol 15 mg b> mouth dailj at home during which progesterone 25 
mg intramuscularlj dailj for five davs was given on two occasions approxiraatelj 
Sweeksapart, and (7)8ix periods with dicthjlstilbestrol 15 mg bj mouth daily 
The data in Fig 96 are self-explmatorv Attention should be called to 
(1) nitrogen and phosphorus equilibria during the control periods (1-6), (2) the 
negative calcium balance during the control periods, (3) the marked shift in the 
calcium balance to retention without a significant change in the nitrogen balance 
withdiethylstilbcatrol therapv, (4) tbetendenej of the phospborua balance to go 
along with the calcium balance during the estrogen Iherapj , (5) the high serum 
phosphorus level during the control periods, (6) the marked fall in the serum 
phosphorus level during therapy with both tvpes of estrogen (estradiol dipro- 
pionaVc and dieWolsldbestvol), fi> tVivlavV ot clletY of ow 

the elevated serum phosphorus level (8) the failure of the serum alkaline phos 
phatase level to rise with the estrogen thcrapv , and (9) the high normal level of 
17 ketosteroid excretion during the control periods and its reduction with eslro 
gen therapj 


Alelabolic Studj Js'o II 

Case No 18 Acromegaly, Estridiol Dipropionafe Tlierap) 

COB (M G H 3S0940), an IS-jear-old bov , began puberty at the age of 14 
His growth from the age of 15 to the tune of admission was S inches During the 




I ig 06 Metabolic Stu<]> of Effect of liir^diol Dipropiointc Diclb}Islin>C8tro1 
and Progesterone Thenpy on a rcmale Patient (C , M G H 3tni0)ttith \cro 
mcgaly. Case No 17 

For explanation of construction of chart bcc Vp(>cndix page S09 
Note the nitrogen and phosphorus equilibria during the control jienols lie 
marked retention of calcium and phosphorus but not nitrogen nithdiclh\Istitl>estrnl 
therapy, tl o high serum phosphorus lesel during th® control periods, the markeil fall 
in the bcrum phosphorus level a ith estrogen ti cfapi , the lack of effrcl of partial 
pituitnrcclomj on the serum phnsphorits level the failure of estrogen thcrap> to in 
flucnce the serum phos|ihntasc level and the high normal level of 17 kctnstorc id ex 
crction during the control period «hich fell with estrogen thcrapj {From Ilcifen 
stem, Kinscll, and Albngbt (IfMC)} 
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sameintervalhegainedSOpouadsinirei^tandderclopoduQusuaffj large Lawfs, 
feet, and head About two ^ ears before admission he began to notice excessiv® 
fatigue and somnolence, painreferred to the spine n hen he was tired, recurrent 
frontal headaches winch increased in frequency and severitj , lacnmation and 
photophobia, and pain in the maxillae For one j car before admission he had 
occasional attacks of epigastric paio, nausea, and vomiting At the time of 
admission be had a deep voice,6ha>ed dailv, and had occasional erections but 
no emissions 

On physical examination the patient was a tall (73 in ), moderately well nour 
ished (16S pounds) boj with large, beefj handsandfeet Hair distribution was 
normal for an adult male Examination of the visual fields and the fundi was not 
unusual The teeth were not separated, the tloToid gland w is not enlarged 
There was dorsal kjphosis, lumbar lordosis, and right scoliosis The breasta 
were flat and the external genitalia and the prostate were normal The skin was 
moist with acne vulgaris on the face The blood pressure was 110/75 The re 
maindcr of the examination was not remarkable X raj examination of thcskull 
showed that the pituitary fossa was enlarged anteriorl) and downward with the 
door of the fossa projecting into the left sphenoid sinus, the left posterior clinoid 
was partially eroded, x raja of the hands showed no tufting of the terminal 
phalanges, dims of the spineshoued scoliosis and slight "epiphj'sitis’ of tlicacr> 
tebraebutnoaotenoroiergron tbof theverlebraefsec p 105), \ rnj eTammation 
of the gaatro intestinal tract revealed no pathologj The testis on biopsj was 
normal and the sections revealed spermatogenesis progressing normallj in the 
tubules with the formatioQ of normalspcrm ID moderate numbers, manj luisina 
with desquamated spermatocytes, and Lejdig cells that were normal in quantity 
and qualitj and contained their usual iDclusion bodies 

Laboratorj studies Sulkowitch test on the urine was 3 plus serum calcium 
10 8 mg per 100 cc , serum phosphorus € 3 mg tier 100 cc , serum alkaline phos 
phatase 3 3 Bodanskj units, serum total protein 6 6 gm per 100 cc wnth an al 
humin/globulin ratio of 2 0, serum chloride 105 m cq per liter, serum carbon 
dioxide content 23 m eq per lcter,8erum cholesterol 162 mg per 100 cc , fasting 
blood sugar 91 mg per 100 cc , basal metabolic rate from minus 10 toplus6, folli 
cle stimulating hormone test positive for 26 and negative for 52 mouse units per 
24 hours (normal), and 17 ketosteroid excretion of 12 2 mg per 2 1 hours (normal) 
This case was mentioned in a previous communication (Iteifcnsfein, Kinsell, 
and Albright (1946)1 

The metabolic data of Case \o ISarcshowninFig 97 Thestudj, conducted 
m SIX daj periods, consisted of (t) four control periods, (2) four periods with 
estradiol dipropionate 5 mg intramuscularly every three daia, (3) three periods 
with estradiol dipropionate 10 mg intramuscularlj daily, and (4) four control 
periods without medication during llie last two of which there was a moderate 
decrease in intake of nitrogen, phosphorus, and calcium 

ThedatainFig 97 areself explanatory Tobenotedare (1) themoderalclj 
positive nitrogen balance throughout which w as not alTectcd bj estrogen llicrapa , 
(2) the very negative calcium and phosphorus balances in the control penoils 
(1—4), (3) the marked retention of calcium and phosphorus w ith estrogen therapy 
which increased with time and persisted for at least 24 dajn after the therapy was 
discontinued, (4) the fact that the decrease was in the fecal as well as the urinary 
calcium excretion during the estrogen therapy, (S) the high scrum phosphorus 
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Fig 97 Metabolic SCu<l> of FfTcct of adiol Dipropionatc Therapy on a Male 
Patient (C O U , M G TI 3$0910) «itli Acromegaly , Cose No 18 
For explanation of conatructioD of chart ace Appendix, page 300 
Vote the raoderately positive nitrogea balaoce umofluenced by therapy , the >ery 
negath e calcium and phosphorus balances in the control periods the marhed rcten 
tion of c ilcium and phosphorus with estrogen therapy , the high scrum phoephorus 
level in the control periods winch tended to fall with therapy, the rixe in the scrum 
phosphatoso Icxci with estrogen ttierap), and the lack of significant change in the 
scrum calcium level {From lleifenstein, Kinsell, and Albright {1915)1 
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level during the control periods (6) the lendcncj of the serum phosphorus level 
to fall with estrogen therapy, (7) the rise in the serum alkaline phosphatase lead 
with estrogen therapa, and (8) the failare of the serum calcium lei el to change 
significantly during the eslrogeo therap> 

A word needs to be said about the vertebral changes in acromegalj 
After tlo ure the epipLj^ies, there is still a po^sibilitj for restnctetl en 
dochondral bone formation at certain ‘utes Erdheim ^031) ‘■hoited m a 



Fig 93 X ray Fdms Showing \ertebral Changes m \croniega1j 


(\) X raj film of spine taken at post mortem |From Erdheim (1931)], (B) v rav 
film of spine taken <n riro (A P,MGII 13o6o9), (A'} and (B')samea 3 (A) and (B) 
p.zcept that white Imps have beeu drawn in to separate the new growths from the 
original vertebrae N ote that in both Erdbeim’s case and the authors the nurimum 
changes occur at about the level of the ninth thoracic lertebra J.otB, as Erdheim 
pointed out that the vertebrae, in contrast to the usual rule, decrease in sire from 
above down, note m (A'} and (B ) that this decrease is due to a decrease in the new 
bone formation IFrom Albright (1917a) ] 


most thorough postmortem studj, and we can confirm his findings hj 
X raj studies (see Fig 9S), tliat the cartilaginous end plates of the ^ ertebrao 
m acromegalj again start producing endochondral bone uhich together 
\nth increased periosteal bone formation accounts for tfie mcreased width 
of the vertebrae m the antero-postenor diameters (see Fig OS and 99) For 
a di'Cu^ion of the vertebral chaises m acromegal) in the English language 
see Wame, Bennett, and Bauer (1945) 
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(I) Idiopathic Osteoporosis 

Under the diagnosis of idiopathic osteoporosis the authors group tliO'C 
rare cases uhcrc the clinical manifestations are similar to those in post 
menopausal or senile osteoporosis but \iherc the indnidual is not post 
menopausal or semlc Vte ha\c studied four «uch patients (Albright, 
Ilcifenstein, and I'orlies (1944, 1040)] a man of 2S ulio ae\eloped sc\ere 
osteoporosis of the •-pine during a period of throe jears following an auto 
mobile accident in uhich the spine itself was not injiutKl a 24 Acarold 
8inglecollogegirl\\ho''chisfor\ isrcMewed below (Metabolic Stiidj \o 12) 
and two joung married women (Mctalxilic Stiuli ?^o 13 and another enso) 
m both of whom the osteoporosis was made worsj bj pregnanej 



Fig OT Photograph of Vertebra from a Patient with Acroniegsly to Show New 
Bono Formation 

Note that new bone formation is greatest on the anterior surface and least on the 
lateral surfaces This cxplauis why an acromegalic patient often cm hend [rcelj 
Eidcw8}H but not frontward [I rom Erdlieim (1931), and Albright (19t7a) ] 

The cau«e of the osteoporosis remains obscure In \ icw of the markwl 
osteoporosis in dogs follownng gastrcclom) (llussabTrger, Freeman, and 
I\'j (1938)1 alterations m gastnc function were looked for (sec Cases \o 
19 and 20) \othing too incriminating was found From calcium 
balance studios on three of the aliotc mentioned four patients, it was a*- 
ccrtained that the maladj is not benefited bj Mtamins A, C, ind D, testos 
(erone propiomfc*, dict/ij/sfifbe^trof, estradiol dipropionate, or bodmm 
fluonde A high protein intake was of moilcratc benefit m tw o instances 
«enim albumin mtrat enouslj apparentlj benefited one patient who later 
failed to respond to the same thcrapi bj mouth (sec Pig 103) Iher 
apcutic abortion markedly impro\cd the calcium balance m one patient 
(see Fig 102) 

• Tealostcrono propionate wis tried only on the mile pitienl, on theorrtioil 
grounds it woul 1 Iw more apt to haye a bencfieial effect in female patients 
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The followng two cases are of interest 

Metabolic Study Ko 12 
Ca'^ No 19 Idiopathic Osteoporosis 

D B (MGH 4523S9), a 24^caro)d single Cahforntan college girl, Erst 
noticed pain in her arches three jears before admiasion The pain spread to 
other parts of her skeleton, she lost about two inches in height and developed a 
curvature of the spine For five j ears she had noticed brittle fingem iiU and 
Increased curliness of her hair The mcnarche had started at 14, her periods 
Here regular 

\ raj’s shoned marked demmerafization, cspeciallj of the spine and the 
classic codHsh type of vertebral deformity, the lamina dura nus normal Tlie 
Serum calcium, phosphorus, and phosphatase values were normal, the urinirj 
calcium eTcretion was high (circa 160 mg dailj) There were a few findings to 
Suggest gastro intestinal insufliciencj the iitamin A level was low normal (0 5 
Units per cc ), the intestinal rate wassomewhatrapid, the mucosal pattern of the 
Small bowel suggested “vitamin deficienej ”, the hemoglobin was slight!) low , 
and the glucose tolerance test showed a “flat curve” On the other band, the 
gastric acidit) was normal, the serum protein was onlj sligbtlj decreased (65 
gm per 100 cc ) , the lev el of serum carotinoids was noma! , there w os no increase 
Of fat in the stools 

She was studied for 20 three-day metabolic periods Periods 1 through 22 arc 
shown m Fig 100, periods 17 through 39 are shown in Fig 101 To bo noted in 
Pig 100 are (a) during the control periods 1 through 6, the urinarj calcium was 
taoderatelj higli and she was in negative c-ilcium balance, (b) during tho admin 
istration of estradiol dipropiooate, 5ng evorj other daj (periods? through IG}, 
there was very little if snv change, as was lo be etpecled since her catamenia 
Was normal, and, finally, (c) with the administration of 100 000 units of vitamin 
O daily (periods 17 through 22), there was no change m her calcium balance, 
tnerely a fall in the fecal calcium excretion and a rise in the urinarj calcium et 
cretion This absence of effect with vitamin D was also as expected «inro her 
Osseous malady is osteoporosis, not osteomalacia The problem is not to ealcifj 
matrix but to grow matrix This experiment supports our contention that chI 
cium per te is not a stimulus to bone formation 

During periods 23 through 33 (sec Fig 101), she received 350 gm of casein 

hjdrolj-sate (kmigen) dailj bj stomachtube, plus liver extract, stomach extract, 

and “all the vitamins” (alpha tocopherol, ascorbic acid.and vitamins B,K, and 
A) On this regimen there was a positive nitrogen balance but the calcium b i1 
ance remained c«isentiallj unchanged At the end of this high nitrogen 
regimen the glucose tolerance test and the mucosal pattern of the bowels bv x ray 
Were Ie«s abnormal However, the final Ccontrol periods (34 through 39) showed 
no improvement in the calcium balance over periods 17 through 22 

Metabolic Study No 13 

Case No 20 Idiopathic O-teoporocis. Pregnanej 

E L (MGH 389594), a ®)jcar old housewife, was first seen in 1913 for 

osteoporosis She had had slight bone pain in 193S which had become severe 
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durjflgi)er first pregnancy in IdSilsnd^draJjninatcdina bacJcmiuryat thcitmc 
of delivery. Not long afterward she had fractured a femur 

On admission, she shoived the deformities, the x raj findings, and the normal 



Fig 100 Itfetnbohc Studj on the CITect of Lstradiuf Dipropionatc and \ itnmm 
D Therapy on a Female Patient (!> B ,M G II 4523S9) with Idiopathic Osteoporosis, 
Case No 19 

1 or explanation of construction of chart sec Appendix, page 300 

Note that unnarj caIciun\e\cretioTiwtahiRU during the control periods when she 
was m a negatixe calcium balance, and that neither estradiol dipropionatc nor %ita 
mm t> tberapi significant]; reduced the negative calcium balance, although there 
was a shift of calcium from the feces to the urine with the latter medication Ifrom 
Albright, Reifenstein, and Forbes (1910) | 

blood chcmwtrj (serum calcium, phosphorus*, and phosphatase) of adi’anced 
post menopausal or senile osteoporosis in spite of her jouth and good health 

•To be strictl; accurate, the scrum phoaplioma loci was modcrafelj Ingli as 
IS so often the case in post menopausal osteoporosis (sec p 145) 







Fig 101 Continuntion of Metabolic Stud) on Pntn^nt with Iiiiopithic Osteo 
porosis (cf Fig 100), rffect of High Protein Intake 

For explanation of construction of chart sec Xppendix, jnec 309 
Note that a high protein intake in the form of casein lijilruli-sate (\niigen) (3o0 
grains dailv b> stomach tube), supplemented with liier extract, stomach extract, 
alpha tocopherol, ascorbic acid, and xitaminsD K.and A.induceJnposili'cnitrogcn 
balance but failed to induce a significant retention of calcium Note also the fall 
in the serum ph<Mphorus values dunng this regimen (Froai Albright, Ileifenstcia, 

onn irnrhoa /(<UR> . 
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clh'-wisc At the onset of th** studie* (De <*mber 14, 19U), aha was in h»r 
second proRranej, h^r lost period having l>^n tn Julj 194^ Her ca '•rpc-osis 
had alreaily b'* om" mLcliAvorse It nas decided to cirr^ ojt ni«ttbcli''8 udi'^ 
before and intcmiption of her pr^gnanc^ 

The m“tabolic findings are shown m I ig 102 and 103 It will benotcil m I ig 
103 that, during the ^our 3 day metabolic periods before interruption o' pr^g 
nancj (periods 1 through 4), her scrum protein level was tow (a normal finding ir 
pregnancy) and she was in marhedlj negative calcium balance l\'h«'nahe wts 
p Jt on the same regimen after mtcrniptioo of the pregnmej (periods S through 
10), the B^ram protein was considcrablj higher and the calcium excretion wa* 
coasid" ably decreased, although she was still in negative balance 

Thc’-e were some findings to suggest that the osteoporosis might besecoiidarj 
to a gastro intestinal inadequacy Thus her serum protein end hemoglol u 
were slightly low , gastric analysis showcil no free acid Since a low scrum pro 
tein level is found in several conditions associated with osteoporosis (old age 
Cushing s sy ndromc nepnrosis malnutrition) the clTcct of the administraiioi. 
of large amounts of plasma protein wasstudicd She was given £00 ce of plas 
intravenously daily for 12 days (periods 11 through 14} The experiment was 
complicated by the fact that she developed a high temperature (? upper respira 
tory infection, ? toxic reaction) during the second half of these 12 days (pencils 
ISandU) However during the first 6 day-s there wxs alr*.dy a markc 1 rise in 
her scrum protein level and she went into positive cal-ium bal »nee for the first 
time (sec Iig 102) With the fever there was the cxo'cteJ reversal in the eal 
Cfum phosphorus nitrogen and potassium balances (sec 1 ig 102) but the 
17 kctosteroid and * II oxystcroi I ' (see p ISS) cxcrntions remained unaltered! 
^^'A8 the failure of llic two steroid excretions to vary vonnccted with tho fact 
that she was furnished With plasma protein to bum and did not need to mobilise 
her on a body protein * 

Shown also in Fig 102 are six 3 day control periods following the administra 
tion of the plasma (periods 15 through 20) six 3 day periods on a low nitrogen 
intake (periods 21 through 2G) and, finallv,six3 day periods on a high nilrogea 
diet (periods 27 through 32) Note that the patient again shone 1 a deeidedh 
positvc calcium balance when the scrum protein for the second time reached 
normal during periods 3i and 32 Other points of possible interest are ll c high 
serum phosphorus level throughout the fall m 17 kctoatcroid excreuon during 
the low nitrogen intake, and the rise in II oxyslcroid excretion on the high 
nitrogen intake 

It was decided to repeat the experiment with plasma protein (sec Iig 193) 
Accordingly she was brought back to the ward and studied for eight 3-day con 
trol periods During the first two of these she received the same low calcium 
diet that she had received during periods 1 through 20 During the remaining 
BIX 3 day control i>criO(U (periods 3o through -10) she recciv od a somew hat higher 
calciumintakoonwhichrrgimcnshc was almost in calcium balance During pe 
nods 41 through 44 she received purified plasma albumin which resulted in arise 
in thcscnira protein level a fall in the calcium excretion and a positive cafemm 
balarc* The positive '•ale urn balance continued for eight 3-<lay control pen 
ods following cessation o' the allnimin injections (periods 45 through 52), and 
th'>n *n ie ’ In a late experiment serum albumin was given by mouth instead 
o' iiitravr-notsly for 12 days w ithout be*ieficial effect on the calcium balanre 

Fig lOJ vhowa in addition negative results with two other therapeutic ageuvs, 



Fig 10^ ^^etsbollc Stud 5 o{ Effect of lotcmiptioa of Pregnancy, of PJasms 
\(lmmistr3tion b> ^ cm of Low and High Protein Diets and of Fever on a Female 
Patient (E L MG 11 3S9o(M) with Id opsthic Osteoporosis, Case No 20 
For explanation of Construction of chart see Appendix page 300 
Note that the calcium balance was markedly negative while the pregnancy lasted 
that it improted nhen the prcgnsnc> was intemipted (seo periods 5 through 10), 
that It became positive for the first time during plasms administration (see periods 
II through 13) that it again became negative when the patient developed a fever 
(see period 14) and finally that it once more became positive on a very high protein 
diet (see periods 2” through 32) Noteespccialtj that the calcium balance was most 
negative when the serum protein level was lowest (periods I through 4) and tl at the 
calcium balance was positive on the two occasions when the serum protein level was 
normal (penod 13 and period 32) [FromAIbnght Ileifenstein,androrbcs (1910) J 
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Fig 103 Continuation of Metabolic Sfuif> on Paljent Tfjth JJjopntbic QjJeo 
porosis (cf Pis 102) , Effect of Albumin Adnunistration Intra\ cnous1> , of Mtamin 
A Therapj , and of Dieth> Istilbestrol Therapy 

For etplanntioti of construction of chart, sec Appcmiit, page 309 Vt bottom 
of the figure lUc urinary calcium encrction »s chart « h 1 scparatcl j on a scale magnified 
ten times 

Xotc that the nilmmistrnf ion of purified albumin intravenously resulted in a rise 
m the serum protein level, os might be eti»ccte I, this rise in the scrum protein was 
dependent on a rise in the serum albumin level Nolcespeciallj that the rise and fall 
m the scrum protein level is attended b% a fall and rise in the urinary calcium ct 
crttion Finally , note that large doses of 'itamm A and of dictliy tstilboslrol had no 
significant effect on the calcium balancpa although the latter medication c lused a 
fall ifi the scrum phosphorus Icae? (From AIbnght, rtcifcnstein,und Forbes (19IG) 1 
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Vitamin A and dieth3lstUbestrol Thefonner was tried because of tlicsludics of 
Dr S Burt Wolbach (19^6) on theeffectof vitamin Aon thcskeleton Itnillbe 
noted that doses up to 400 000 units a iia> were without effect (see jicnods 53 
through 60) Massiie doses of <licth>btilbcstrol up to 15 mg daih, likewise 
had little or no effect although there was some tcndenc} for the serum phosphorus 
le\ cl to decrease n ith the administration of this drug (see periods 61 through 70) 

It la seen, therefore, that the «tudie& discu^ed under Fig 102 and 103 
^support the posaibihtj that ‘«nim albumin is the precursor of bone matrix 
For further discussion of this aspect of ostcoporo'-is «ce Forbc«, Albnght, 
Remfenstein, Brjant, Co\, and Dempscj (1947), and Albnght (1947c) 
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I DLFIMTIOS VND N-VTIRC OF Os-TF \ 

0>iteomahcia (‘ adult nckcls* ) a di'^order of iione tissue cliaruttenz«l 
bj a failure of calcium "alt** to l>c depcHitwl promptI> m the new Ij formed 
bone matnx (orIookI) The reason for this failure ir to lie found in the 
l)od\ fluidi which contain too little calcium for the level of inorpantc phos 
phones, or to place the cmp1u«i9 difrorentl> , too little inorfjnnic plu)>phorus 
for the level of calcium to allow for normal precipitation of whatever salt 
of calcium it is that is precipitated into bone matnv The serum calcium 
level IS normil or low, the fcrum phosphonisf level i» low or normal, m 
anj case the product of the <cnuii cdcium in niilliKmms and tlic senim 
phosphonis in milliBrams is lower than normal Furthermore the failure 
of the bone to be calcified (or phosphonzod) leads to we Acned liones this 
louls to an increased activitj of the osteoblast* this m turn leads to a 
high senim alkaline phosphatase level Rickets has all the cliamctenstics 
of ostcomalicia plus «omo additional changes nt the growing cpiplivseal 
cartilage, not'\bl> f lulty calcification of the zone of proviMoiial e deification 

With respect to the scnim calcium and phosphonis findings it is pos^bk 
to divide cases of osteomalacia into three types (a) tho^e in wliieli com 
pensutorv over activity of the p irathvToids is hiking (b) those whore 
tlierc IS compensatory over activifa of the parathyroids sufiicient to main 
tain the Hcnim calcium at a normal level and (c) those where there is com 
pensatory over activity of the paratliv roid-s hut where this is m-ufficient 
to maint im the scnim calcium at a normal level In the first tvpe the 
scrum calcium w ould be low and the scrum phosplionis normal m the sec 
ond the scrum calcium would l>c normal and the serum phosphorus low 
and in the tliinl both the scrum calcium and the scnim phosplionis would 
be low 

H DIFFbntNTIVTIOV OF OSTFOMVLSCH FROVI OSTJOlOIlOslH \\D 
OSTHTIS Flimoss CFNHl.VLIsaTV 
(A) Differcnhal Diagnosis 

Jhe differential diagnosis has I>ocn discussevl in the chapter on the gen 
end considerations of metabolic bone di^eise (sec Cliapter >, p 111) 

• In this soclion t!ic auti ora have tinnn frcch trnm \ll nght nurnett I’araon, 
Itcifcn^lotTi an I Itoos (tOlG) 

fin ihs clnpipf as in other wtions of Jhn work \\ scrum plos}horus is 
meant scrum inorganic phosphorus 
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The expected findings in o'ltconi Uncia nrc a normal or low pcmm c Ucium, 
a low or normal scrum pho^phonis (most commonK a norm d vrnim e d 
cuim with a low «scnim pil0^phon^3), and a high scrum alkaline pho-^phatose 
le\cJ, in contrast to the^ findings ore the normal senim calcnira pho' 
phonis, anti phospliatase lc\ els m osteoporosis and the high serum calcium 
low Kenun phosphonis and high •scrum phosphatase lex els m ostcitw fihni^a 
goneralisata when the latter is due to h\TX!rp.\ralh\roi(ii«m 

(B) Body Flmd Vmahtration and Bone Resorpbon 

Wij m osteomalacia, xxherc iho body fluids are apparently “lo un 
saturated xnth respect to calcium phospliato, are not calcium ions ami 
phosphate ions resorbed rapidly from the bones so that saturation of the 
body fluids 13 re-established? This question is all the more pertinent since 
m osteitis fibrosa gencralisata the bones continue to give up calcium to the 
bitter end A poNSible explanation may l>c that in osteomalacia all the 
traljeculao liccome coxered inth osteoid tissue which insulates tlic calcifiwl 
matrix from the bo<ly fluids (see Fig 129, p 2o0) The rcotlcr max then 
ask Why do not the trabeculae m osteitis fibrosa generalisata liocomo 
insulated vnth ostooid?” The authors do not haxc oxen a poor answer to 
this question 


III MltlOklXN’S SlTNDnOXlE 

(A) Is MilLwon'a Syndrome a / orm of Oslromaloaof 

Milkman’s classical case (1930, 1934) xxas that of a woman of forty three 
with a past lii;>tory of the passing renal calculi, whoso first symptoms 
were pam in the lower Inik and extremities and a waddling gait No 
skeletal abnormalities were recognized by x ray during the first two ycirs 
of hcrilliic«s thereafter* nbbon like zones’ ofdecalcificalion,many of them 
sxmmetncal, appeared The patient died after six years of gcncrahzeil 
p un<s By tliat time 13 bony defects xxcre pres.nl but the skull and pelv is 
rcmamctl unmxohcd Of micrest among the autopsy findings were “dif- 
fuse nephritis’ and the di'Ujntw's of ©•‘toomalacia by two of three patlu I 
ogi-tts Mill man cmpha'^izod (he absence of bone deformities and tlie I ite 
otcurrenee of bone displacement, and defineil the sy-ndrome as a sx-sUmic 
di>ev‘e mxohing the entire «kcl<lon, flat and tubular Ixincs, xvith symrnct 
rical fractures starting the cortex” Not empha'iizod by Milkman and 
possibly of imixirtance in xaew of tlie discussion to come concerning ren d 
acido'.is (sec p 227) and thoFonconi»x*ndromc (see p 237) were the din'a<e 
nophntis, the IiL-tory of jiassing stones, and the finding of intermilttnt but 
rather m irked gl\co«una (up to 5 per tent) and ketonun i in the pre^nce 
of normal fasting blood ‘tugar Icxcis 
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The first question is are tfic findings m ^filkmans sjiidromo due to 
osteomalacia’ The authors feel certain that thej are This conclusion 
13 based on four considerations (a) the sjanmctncal ribbon like zones of 
(Iccalcification seen bj \ raj and often occurring in othcmise normal 
appearing bone, arc cliaracteristic of o tcomalacia and of that disease alone 
(b) the scrum calcium phosphonLs and phosphatase findings m most of 
the imdoiibtotl cases are tlio^c of osteomalacia (c) such patients respond to 
therapj based on the assumption timt Ihca liatc osteomalacia and (d) 
the histopathologj , if carefuUj studied is that of osteomalacia Tliesc 
items will now be discussctl one bj one 
The formation of bone consists of tuo steps lajnng down of the matrix 
bj the osteoblasts and the calcification of the matrix in osteomalacia the 
first of these steps is intact the second deficient The healing of a frac 
ture consists of the ‘=arae t\\ o steps In a fracture complicating osteomala 
ciaoncuould anticipate that the first step would procccii normallj or even 
belter tliannormallj mview of the mcrca«wl number of osteoblasts ubcrcas 
the second step would be fauUj Such lias been shown to be the case in 
experimental osteomalacia in rats Ham Tisdall and Drake (1938) did a 
xerj simple and conclusuc expenment on rats fractures were producer! 
m a group of rachitic rats x rajs at the end of three weeks gaxe the im 
pression tint no union !iad taken i^lacc histologicil studios howoxcr, 
showed the presence of excellent calhucs which were not calcified simihrlj 
treated animals allowed to h\c four dajs longer and pxen \ntamm D 
show ed rapid calcification of the calluses but little change m their histolog 
ical appearance Thus if a fracture without displacement were to occur 
in a patient with osteomalacia one would expect union to occur but the 
zone of callus formation to remain uncalcified 
But do such fractures occur m undoubtcil cases of osteomalacia in Im 
mans’ The answer is jes Tl e subject has been cxtensixelj dt'ciLssed 
in the German literature notablj bj I ooscr (1020) who characterized such 
united but uncalcified fractures as Urabauzonen (zones of transforma 
tion) To bo sure it was not Loo^rs conception that tlio first step was 
an actual fracture he coneened of the process as a slowlj progresning 
rallus form ition inside the bone brought about b\ a mechanical irritation 
due to stmin and bj small local infractions The net result is a local 
transformation of bone Bx transformation (Umbau) of bone he meant 
a clangf from lamellar hone to Hint characfcnstic of a callus namclj 
braidetl (toflcchtartig) bone This author goes on to st ito that since the 
callus m osteomalacia remains uncalcified for n long time it is understand 
able whj the zone of bonj transformation remains for a long time after 
its formation as a zone of decreased rlenMtx bj x raj 
Irom the above discussion it seems cleir tliat the ribbon like zones of 
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decaleification cliaractenstic of Milknun’s ‘sjndromo arc consistent Bith 
an underljing osteomalacia The question a^^ps as to i\ lictlier they arc 
found m any other sj'stcmic hone disease It is tlie authors’ opinion 
that they are not The pre^t authois agree that legions occur in condi- 
tions other than osteomalacia which bj \ raj somewhat resemble these 



Fig 101 \ Itn} Films of Right Tibia on I’aticot A K (M G II 20700) « ith I’obo- 
stotic Fibrous D^-spIasia (Osteitis Fibrosa Disseminata) to Illustrate Smnlinty in 
X Ra\ Appearance of Pseudoarthrosis (Aitowb) with Pseudofrfletures of Milkman 
(Sec Fig 105, lOG, lOS and 109) 

(A) on 11-2S-3S, (B) on 2-2-14 iFrom Albright, Rurnett, Parson, Reifenstcin, 
and Roos (191G)J 

united but uncalcified fractures seen in osteomalacia This is oapccialb 
true in Paget’s di«ea<»o, polyostotic Hbrous dtsphsia (osteitis fibrosi dis- 
seminata), and osteogenesis imperfecta Tor example, m polyostotic 
fibrous dysplasia at a point where marked bending has occurred, one often 
seesb\ \-ray a somewhat similar appearance («ec Pig l&l),itisquitcclcar, 
howexcr, that such a lesion reprc*sMits a fibrous and cartilaginous union, 





METABOUC BONE DISEASE OsTEOUALACTA 


200 





210 THE PUt^THTROro CUOWa AVD ilET^BOUC BOVE DISEISE 


areas of definite bone pathologj b 3 x laj (see Fig 104), m osteomaUcia, 
on the other hand, thej maj occur in bone appearing othennse perfectly 
normal bj x r3\ Indeed, the onl\ x raj cndence of the bone disease maj 
'be tbe«e ‘ fracture’ lines Thc&c hues of ‘ fracture ’ in nckets and osteo- 
malacia tend to be sjmmetncal and to occur oi er and o\ er again at certain 
points, — the necLs of the femur* the ramusea of the pubic and i>cli-al 
bones, the nbs, el cetera Perhajw the commonest of these sites is the 
axillary edge of the scapula (see Fig lOo, p 209, and I2SB, p 2o5) In con 
cluaon, therefore, it ina% be stated that nbbon like zones of decalcification 
which occur m otherwise normal appearing bone u luch last months or j ears 
without regressmg and which exhibit a marked tendenci tobesimmetncal, 
occur onli in osteomalacia or nckets 

Albnght, Burnett, Par*on Reifensfem and Roos (I94C) renewed the 
serum calcium, phosphorus, and pho'^phatase \ alucs m Milkman’s classical 
case, m six neu cases which the\ reported, and in mne cases from the 
literature, and found the values bj and large to be comulent mth osteo- 
malacia 

The third piece of endence that Milkman’s <syndrome is a form of osteo- 
malacia has to do with the excdlent responses one gets to therapi based 
on the oammption that the syndrome is a form of osteomalacia Several 
of the ca«es reported m the literature ha\-© responded fai orabh to ntarom 
D therapy, others have not As utD be discussed below, there are several 
etiologies for O'teomabcia and, unless one understands ja.t what the etiol 
ogj one cannot obtain the best results Tho^ cases which are due to 
simple lack of 'ntamm D will respond to •mall do&es of thi** agent, other 
cases will require other agents in addition. Howeier, the endence to be 
presented will make it quite clear that each etiological type of Alilkmans 
simdrome responds to the correct (heropi for oiercommg osteomabcia of 
that particular ti'pe 

The difficulty m commg to a pathoI<^cal diagnosis is twofold (t) 
most of the biop'ies have been taken from the fKudofractures and (B) 
the osteomalacia m many cases is of a low d^ree The histology of a 
callus is i ery compheated at best, and m a decalcified preparation it is most 
difficult to differentute between a callus formed m normal bone and a callus 
formed m osteomalacic bone H*un Tifdall, and Drake (I'QS) found 
this out in expenmental osteomalacia in rats {nde supra) Obvioush , m 
a generalized bone disease such as osteomalacia, one «hould take ones 
biopsi away from the fracture «jte Ei en this may not lead to a clear-cut 
diagnosis thus, m Case >0 22 such a biop^ failed to "show defimte o<tco- 
malacia This is perhaps underrtandable In the normal adult skeleton 
bone formation is not vew actne ‘*ince o-tcoraalacia by definition is a 
generalized bone condition m which there is a failure of calcium ■'alts to be 
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deposited m novJy prepared osteoid, its diagnosis uill be more difiicult 
\\here lerj little o-stooid is being laid down 
Dr Granville A Bennett of the Department of Pathologj of the Harvard 
Medical School was able to make a defimte diogno&is of osteomalacia on a 
pseudofracturc from a nb of Case No 21 (see Fig lOG and 107), through 
the courtesy of Dr Milkman, Dr Bennett also liad the opportnnitj to 
rcvicM the bone histologj m his cose and came to an almost definite diag- 
nosis of osteomalacia 

An inspection of Fig lOG and 107 mil leave no doubt as to the diagnosis 
of osteomalacia m this case rurlhermorc, the bone tissue obtaine<l at 
autopsj on Case No 28 shows florid osteomalacia (sec Fig 129, p 250) 
Thus, wo have, as a fourth piece of evidence that Milkman’s simdromo is 
a form of osteomalacia, the histological findings 

Ca'se No 21 illustrates manj of the points brought up thus far 

Case No 21 Milkman’s sjndromc. Osteomalacia of Undetermined 
Etiology 

Tins case lust brought Miikmao’s Syndrome to the attention of one of us (P 
A ) The patient has never been seen b} our Doston group but all the data have 
been supplied by a group of California investigators to vv hom t he present authors 
are greatly indebted • 

The patient, Mrs A J , first consulted Pr Smith in 1039 at the nge of 37 
Following Ibe birth of her second child seven years previously she developed 
tiredness of thehtps ,pain in the back andditBcully in ' picking up licr heels*' 
The condition progte<scd so that in 1930 she could walk only with crutches and 
had great difficulty getting up from a silling position 

The points of interest in the past historv were jaundice at 92 of short duration, 
absence of dental trouble poor appetite regular bowel movements, occaainnal 
digestive disturbances relieved by food or alkalis, and nocturia (three times) 
Physical examination was non contributory except for weight of 1121 pounds, 
deformities of the back and chest suggesting collapsed vertebrae, limitation of 
motion of the hip joints while sclcrac, and blood pres.-.ure of 120/SO 

\s regards the x ray findings (seo 1 ig lOS and 100), the following quotations 
arc taken from Dr Stone’s report of tI-21-36 *' in almost all of the bones the 
number of trabeculae is decreased in many places particularly in the rilis, 
Of/LK^ ajpi. xJ.cai.Va, ■sS 4/twfAy a-Viiixlii (cwtjixcs. wa 

would need to consider these all as fractures were it not for the fact that in some 


• This group includes the late Dr Arthur M Smith of Oakland, California, who 
m 10 10 first wrote one of us (I A ) concerning the patient, Dr Dudley Ilcnnett of 
the University of Califuniia Hospital San rranciseo, who atudied the patient ex 
tensively m 1017 and whose findings were transmitted to the authors Dr ItolicrtS 
Stone and Dr Ear] R Miller of the University of California Hospital who made the 
X ravsof the patient available, Dr Frederick C Dost who look a biopsy of one of the 
ribs and Dr Charles I Connor of the University of California Hospital, San Fran 
CISCO whosent the I lOpsy material foratudy by Dr GranviIlcA nconett 
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places such as tbescapulae and the pelvis, tbe> donotcomplcteh crassthebono 
the periosteum overlj mg these areas of decreased density has been elevated, 
and m many places supenostcal new^ bone has been laid down the changes 
seen are almost bilaterally symmetrical thus we find that there is an area of 
this osteoid tissue resembling fracture on the astllary border of the right scapula 
about two inches below the glenoid whereas it is onl} about one inch below the 
glenoid on the left scapula (seeFig lOoCandlOSD) extending lalerall> from 
both sacroiliac joints into therespeettve ilea ore short lines of thepseudofraclure 
type on June 19, 1935 patient was examined for suspected fracture of the left 
hip and a line closely resembling a fracture line was seen iii the middle of the 



Fig IOC Case No 21, Alilkroan s Sjndromc \ ra> Film Showing P^eudofrac 
lure of Ilib 

For microscopic appearance sec Fig 107 JFrom Albright Burnett, Parson, Reif 
enstein, and Roos (1946)1 

neck the necks of the femurs O'xter films) have become more slender and the 
beads have bent around this, in its completed stage as seen at tbo present 
date, resembles bilaterally slipped epiphj-ses " 

The following laboratorj studies taken while &he was under the care of Dc 
Dudle\ Vi Bennett in 1930 arc of interest serum calcium 10 7 mg per 100 cc , 
serum phosphorus 2 5 mg per 100 cc , scrum protein 7 44 gm per 100 cc , blood 
creatinine 1 2 mg per 100 cc , unnary calcium excretion, while on alow calcium 
intake 0 007 gm per 24 hours (verj low) scrum phosphatase high on one deter 
mination and normal on the nest 

Subsequent studies on October 1937 showed serum caJcium 10 2 and 10 0 mg 
per 100 cc , serum phosphorus 1 6 and 1 5 mg per 100 cc serum phosphatase 8 6 
and 7 6 Bodansby units, and urinary calcium excretion 0 018 gm per 21 hours 
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THE P\.IlATimiOU) GL.\NDS A>D METABOLIC BOVE DISE\SE 

In October IDII the folJonjngsenun delermjnstjons n-cre made at tfe ‘'smuni 
Merritt Hospital m Oakland Cahrom a sodium chloride GOO mg j er 100 cc 
content ol COj 50^ volutnea per cent 



Fig lOS Cose No 21 Milkman s Sjndromc N. rav Films Shoning Iscudofrac 
tures (\rrons) in Both Ulnae 

Films taken 9-18-37 The authore are indebted to Dr Roberts Slone for these 
X ray films [From Mbnght Burnett Parson neifenstem and Poos (1916)1 

Abiopsj of oneof the pseudofracturesof the ribs wis performed MarchG 1910 
h} Dr Best The pathological diagnosis made by Dr Granville \ Bennett was 
osteomalacia (see above) 
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Fig 100 Casc21,Millanjn’sS>ndromc X raj Films of Pch is Showing Pscu Jo 
fractures (/Vxtows) 

Films taken on G-10-33 (A), ami 9-10-G7 (B) In "A” note normal tc\lurc of bones 
except for "pscudofractures'’ X ray films furnwheil bj Dr Ilobcrt S Stone 
(From Albright, Durnett, Parson, Ueifenstem, ami lloos (1016)] 
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Tlie chemical findings— normal semni calcium, low penim phosphorus anl 
hgh Bcrum phnsphataao— were cooststcnt WTtli osteomalana the x r»« were 
those of Milkman's ps-ndmme, a biops} «as diagnosed osteomalacia, there was 
little to suggest ilisonicrof fat-aolahic Mlamm* other ituia sitamin D, tl c serum 
chemLstr% wxs not that of renal andosis.accordmgU it was ad%»cd that thepa 
ticnt take large doses of vitamio D starling with tWOOOO units daiK This 
therapv was started in Fchmary IW2 la one nutnth she noticed marked im 
provement andb\ September 1013 was able to report that the pain was gone and 
that the bones and muscles n ere mueb stronger ‘'be bad taken ntaniin Dean 
tinuouslj but the exact amounts are not available 

(1i) man's Stfiidrome ta Ordinary Osfeomalaaa 
\\Tiat i"! «o peculiar to ’Milkman’s, wvndrome that it should tie ^epiratcrl 
from osteomalacia m Reneraf^ Tlie answer to this question, m the aulfiors’ 
opinion, la the co-cMMence of the pacudofracturea and a <kclctf)n which 
Othennse is not definitely abnormal as judged by x rays TtTicn Dr 
Arthur M Smith of Oakland, California sent the x rays and case history 
on Ca$e Xo 2J Otde supra) to one of u.«, he (F t ) could not beheie, in 
‘ipite of the fact that the «crum chcmiMry was that of osteomalacia, that 
this could !>c the diagnoris It seemed unlikely tliat osteomalacia could 
ha\c led to p'cudofractures without hating cau'cd generalized demineral 
ization (®ec Fig 109 \) The pMuidofractures of cour«e, are likewise 
-.ecn m cases with extcnsite generalizofl demineralization The authors 
now licliete, thtrefore, that there is no «harp line of demarcation l»e 
tween Milkman’s syndrome and classical osteomalacia, tliat the differences 
are quantitative rather than qualitative, but that the term Milkman’ii 
svndrome should be retained as an x rav diagnosis to call attention to the 
fact that one can have an underhung osteomalacia when the oalv x rav 
endence is the nbbon like zones of decalcificatzoa 

IV THE FOLK DFCIEES OF OSTFOM VL.VCT V 
It IS possible to separate cases of osteomalacia into four degrees with 
respect to their seventy (I) chemical-osteomalacia wnth normal phos 
phatase, (2) chemical-osteomalacia with high pho^phalxse, (3) ’Milkman’- 
svTidrome, and (4) advanced osteomalacia The first degree of o-teomala 
cia t ikes in tho«e ca«es where there has ansen a disproportion of the ktuiu 
calcium m relation to the serum phosphorus such tliat calcium is not 
depcRuted in newh formed osteoid, hut where fhw di-.ordpr has not yet led 
to sufficient weakness of the skeleton as a whole to bnng about an increased 
production of o«feobla«t* and hence a high scrum phtsphataic level The 
second degree of osteomalacia takes in those cases where the condition lias 
progressed to the point of stimulating osteoblastic activntv but not to 
the extent of causing pscudofraeturcs or obvaou' demineralization, and 
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where clinical or x raj e^^dencc of bone disease is lacking The third degree 
takes m those cases \Mth chemical osteomalacia and pscudofractiires but 
^Mthout obvnous generalized demineralization Hie fourth degree is re- 
served for those cases mth out and out bone disease 

\ ETIOLOGIES OF OSTEOiULAClA MCT IN THE UNTTI D STATF^ 

(A) Classiftcalton 

A classification of the etiologies of the amnoiLS forms of ostcomalacu 
met in the United States is giien m Table 5 

(B) Osteomalacia ResuUtng from “Simple" Vtlamin D Lad 

Dj the expression, "osteomalacia reciting from simple \ itamin D Lick", 
the authors lia\e m mmd a condition like the usual \anctj of mfnntilo 

TABLF & 

Etiologies of Osteomalaeia itet in Me Untie I Stales 


\) \Uanim D Lack 

a) Simplo" Vitamin D lack 

b) Resistance to \ itamin D 
e) Steatorrhea 

D) Renat Acidosis 

a) Tubular InsuIRcicncj Without Glomenilar InsufTicicncj 

b) Fanconi odromc 

C) Idiopathic Ilypcrenlcuria 

D) IIjpcrparathjToidism with Ot>(eitis Fibrosa Cencralisata duriDK Tran 
sitional State follois log Removal of r3rat!i>roid Tumor 


Tickets where the bone disease is responsne to small doMjs of aatamin D 
It IS appreciated, of course, that m a case of osteomalacia wlueh is curable 
bj small amounts of %ntamin D there inaj be other contributing factors 
such as lack of exposure to sunlight, lack of calcium and plio^phorus in 
the diet, ct cetera Indeed, the patient with infantile rickets who is healed 
bj small do«!es of Mtamin D lias, as a contributing factor growth with ils 
new bone formation 

The authors are cognizant of no single case of osteomalacia in the United 
States due to •simple utamm D lack as defined aboic And jet Maxwell 
(1935) states that in Northern China there are 100 000 cases of osteomalacia 
and oateomalicia m China responds to small do«es of utamin D Hie 
condition m that coimtrv is, according to Maxwell (1935), tlic roult of a 
combination of circumstances 'fho food is practicalh dcioid of animal 
fat and hence of \atamm D, m addition, the diet i-> low in calories, protein. 
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calcium, and phosphorus, finally, mmj of the ^^omen m this northern cli 
mate ncNcr go out of doors and so get \er} little e’cposure to sunlight 

Hannon, Lm, Chu, ^\ang, Chen, and Chou (1934) and Lm, Hannon, 
Chu, Chen, Chou, and Wang (1933) have corned out interesting metabohc 
studies on Chinese patients These show in the control penod>j before the 
administration of vitamm D large fecal excretions of calcium and phos 
phorus and — most important* — an almost complete lack of calcium m 
the unne, nith ^^ta^lln D admincitration fecal excretions are decrcasetl 
and the balances much improxed One of their studies is re-charted ui 
Fig 110 

The nearest approach, m adult medicme m this country, to the>e cases 
of osteomalacia m China to come to the attention of the authors is a cosc 
report m 1930 by Gaigill, Gilhgan, and Bliimgart (1930) This concerned 
a 38 jear-old woman mth ad\anced osteomalacia (normal serum calcium 
Ion serum phosphorus high scrum phosphatase) nho responded to sttiall 
doaes of Nutamin D The original metabolic studies are re-charted m 
Fig 03, p 129 and some neu studies earned out m this chmc on the «ame 
mdindual m 1945 are charted m Fig 111 The striking fact brought out b> 
both of the e studies is the high nnnaiy calcium excretion (ctrea 200 mg 
daih m the more recent studies) nbch remains relatncly constant regard 
ie*«8 of the regimen , the fecal calcium and phosphorus excretions are not un 
duly high the calcium balances become strongly po'itn e with small do«cs 
of \ntamin D or e\ea \nthout xitamm D («co Fig HI, periods 1 to 3) 
pronded the calcium mtake i» suffiacotly' largo so that the absorbed cal 
cium is greater than the calcium lost m the urmc The present authors 
conclude that the etiologs of the osteomalacia of this patient is funda 
mentally dissimilar to tliat of the Chmese patients and is not pnmanly 
due to simple lack of ntamin D, the authors ascribe the imtial defect to a 
propensity on the part of the kidney's to excrete calcium m increased 
amounts at a normal le\ el of serum calcium This category of osteomalacia 
willbedi cus'«ed bnefly below (p 200) Tliat the Chinese xanety of osteo- 
malacia occurs m the United Slates, to the authors’ knowledge, remams 
undemonstrated 

(C) Os(eotna[aaa Jicsufling from Resistance fo \'t(aminD 

In 1937 Albnght, Butler, and Bloomberg (1937) published a case (W M » 
M G H 32o48S and M G H 91422) of hte nckets m which they ascribed 
the defect in metabolism to a resistance to the action of x itamm D In 
spite of what would be usually considered as adequate xitamin D therapy, 
this patient had had nckets all his life, the abnormalities in his calcium and 
phosphorus metabolism xxere the '»ame as those m ordmaiy infantile nckets. 
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lig no Metabolic Study on Patient with Osteomalacia ns It Occurs m Chin** 

T or «NlAaTia\iOTi ol toratTMciTOrv o| tlwiTt w* Ap|»Tnin , yA^c Wi 
I ig 110 B self-explanatory >>Dte especially extremely Jon urinary caJciuin ex 
cret ion until period 19 marked fall id urinary phosphorus excretion with rising •'eniin 
phosphorus durinn penofJs 11 tlxrougli IS nse in urinary calcium excretion when 

urinary Jihosphorus excretion becomes negligible which indicates that calcium ciniiol 

be retained w ilhout phosphorus Isce periods 19 through 22) , and the sirongW posui v e 
calcium and phosphorus balances even befoco administration of the xitatnin D prep 
nration, \tgantol These pre racdtcation poeUive balances are protul ty to Iw 
nttributed not only to the high caJcium intake, but to the vitamin I> content of the 
cxjienmentaldiet (From Albright, Burnett, Parson Heifcastcin and Poos (10)0), 
rreharted from I lu, Hannon, Chu, Chen, Chou, amHN ong (1935), with iKTinission ol 
l>r It ft Hannon and the Chinese MedicnlJournall 
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namelj normal calcium, lo^\ phosphorus, md high phospliatase le\ els in tlio 
serum, and an increased partition of calcium and pho«phorus m the feces, 
the usual dosage of vitamin D had no effect on the«« abnormalities, hou- 
e\ er, massn e doses of a itamin D (450 000 I U dail} ) did correct them 
Two metabolic studies on this patient fi\e jears apart are re-charted m 
Fig 112 In the first of these studies It wall be noted lliat the focal calcium 
excretion nas not appreciablj lowered b 3 150,000 units of \itimin D for 
nine daj-s and bj 300,000 units of \itamm D for an additional three da\s 
A thinl metabolic studi on this same patient h shown in Fig 00 (p 124) 
where it wall be seen tliat GOO 000 units of \atnmin D dailj caused a definite 
decrease in fecal calcium m dajs For contrast note the rapid deercas" 
in fecal calcium excretion in a slud\ on a patient with osteomalacia asso 
ciatcd wath steatorrhea during the fir»t three dajs of a relate el^ smill 
do«e of aataram D (‘^co Fig 59, p 123) Id the second 8tud\ in Fig 112 
on the patient with \ itamin D resistant rickets it «shouId Ixi noted in passing 
that the fecal calcium excretion decreased markcdl> m the first three dajs 
of treatment wath 12 i mg dailj of dih3ilro(achj'sterol (10 cc of \ T 10), 
this, of course, was a massiv e dose so one cannot conclude that this patient 
IS non rc3i«tant to diludrotachj'stcrol 
It w as the belief of -Mbright Butler, and Bloomberg (1937) that, w here\ er 
^ Itamin D has its pnmarj action m that place m this patient there existed 
a resistance to tlio action of \ itamm D, it w as not tlicir conception tint this 
patient sufTeretl from some endogenous error m calcium or phosphorus 
metabolism, such as idiopathic hjpercalcuna (see p 200) winch would 
necessitate mcrea®od calcium absorption and hence more Mtamm D to 
pre> ent a n^atu e calcium balance 


Fig 111 Metabolic St udi on Patient with Osteomalacia Resulting from Idi unlhic 
llj |)crcalcuna 

i or explanation of construction of chart ecc \pf endix, page 309 

Subject of this experiment camciloul in 1915 at the Massachusetts General IIos 
pital was ll c same patient studied b> Cargill, Gilligan and Illumgart {1030} (sec 
tig C3, page 129) The figure is self expl malor> Note especially the strongly 
positive calcium balance during the pre medication penods (1 lhrou{,h 0) which sug 
gests that the hospital diet contained more calcium ormorc vitamin Dor more of both 
than the diet which the patient received at home, note the rclatixcly high and rather 
constant urinary calcium excretion in this patient with marked osteomalacia note 
ns in Fig 110 the rising serum phosphorus level with tf e falling urinary phosphe rux 
excretion on administration of vitamin D which comhinition of findings suggest de 
creased parathyTOi I actuiCy and note the falling scrum phosphatase level after a 
continued jKiaitixc calcium balance Mtcntion n calle I to tie lack of cfitcl of 
so bum lactate administration (perioil 19 through 22) on the calcium balance wl ich 
13 strong evidence that the hx percalenria is not due to some form of aci losis ( f rom 
Albright, Burnett, Parson, Reifenstein an I Roos (1918)1 



222 THL, Pvn.VTHYIlOm GL.4NDS and met\bolic bone dise.\se 

This patient Ins been carefully followed to sec ivlnt would happen to the 

disordcied calcium and phosphorus metabolism when the patient ceased 




Fig 112 Metabolic Data on a Patient (U AI.RIGH 32MSS) with A itamin D 
Rcsistint Rickets 

For explanation of construction of ehirt sec Appendix, page 30G 
This cl art is introduced to bring out the difference in the actions of vitamin D 
dih>drotachjstcrol and parathjTOid hormone Some caution has to beexerci«ecfin 
comparing the effects of vitamin D with the other two since this part of the 
experiment was carried on five >ears before the other part For further discussion, 
see text (From Albright, Burnett, Pareon, Reifenstein, and Roos ( 19 t 6 ),rccharted 
from Albright, Sulkowitch, and Bloomberg (1939)1 


growing In Fig 113 are charted the serum calcium, phosphorus, and 
phosphatase values in relation to his age, height, and t itaram D thervpj 
This chart is a continuation of that shown as Fig S in the paper bj Al- 
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bright, Butler, and Bloomberg (1937). It wH be seen that growth cea,so<I 
about Januarj' 1939 at the age of 18^ joars and that vitamin D was omit- 
ted in Febniary 1940 It will be further noted tliat, althougli the patient 
has remained sj-mptom free and able to work at a war job, the KTum 
phosphorus level has continued low and the ‘«mm alkaline phosphatase 



Fig 113 Effect of Maturation of Skeleton (Cessation of Orowth) on Scrum Cal 
ciura, Phosphorus, and Phosphaltise IascIs in « Patient with Vitamin D Itcaistant 
Uickcts. 

For further iIlscussiou see test [From Albright, Buruett, Parson, ReifcnslciD, 
and lloos (10IG)] 

level high during the five jean» smee the omitting of vitamin 1> His 
epiphyses being now umlctl,hij>diagnOMS becomes “chemical osieomalacia 
with-high-phosphatasc”. 

(D) IIypovxiaminosi$ D Secondary to .Sfco/orr/iea 

Perliaps the commonest form of hiTKivnlaminosis D m adults is where 
the priraarj* dilTicuUy is a Blealorrhea Vitamin 1>, ix'ing fat-solulile, is 
not absorbed; the same holds for other fat soluble vitamins. Therefore, 
such patients differ from the others in tliat tliey have, in addition to 
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hj-pOMtammosis D, deficiencies m the otiier fat 'soluble Nut-imins rotabh 
K A and perhaps E [Alhnght and Stewart (1910)] 

Tlic two chief cau<ses of steatorrhea in thi» countta ire (1) an uhopatluc 
steitorrhca which ma'sqitcmdea under the diigno^i's of non tropical sprue 
or in children under the diagnosis of coclnc ilkcoj-o or Geo ^ disease and 
(2) chronic pancreatitis The latter differs from the former in ‘<!\enl re- 
spects the duodenal contents are markedh deficient m pancreatic fer 
ments a larger percentage of the fat in the stools is in the form of neutral 
fats as opposetl to fatt j acids and soaps meat fibers are often prcMint m the 
stools and thefecalnitrogeneNcretionsareincfcased thegluco'etolenncew 
normal rather than incrca*^;d, normal ga«tni, acidit} rather tlian hjpo 
aciditj IS the nile A third cau*^ of steatorrhea is msiiffiriencA of the 
small intestme resulting from anj one of a number of causes often some 
si 0 t circuiting operation, m the ca«e reported bj -Vlbnght and Stewart 
(1940) the small mtestmal msufficiencj was the result of terminal ilcitts 
plus se\ oral operatn o procedures 

The diagno^iis of o«tcomahcia sccondarj to steatorrhea often remairu-. 
unrecognued for a long penod of lime, e pcciallj in tho«e cases where 
diarrhea is not a prominent feature Thus Case \o 22 umlenvent a gall 
bladder exploration becaH«e it was not recognized tliat the pam in her nght 
upper quadrant w as due to a fractured nb ehe then masqueradwl under the 
diagnosis of Mane Stnunpol nrtbntis because some thoratrast introduced 
into the «ub arachnoid «pace m an attempt to find a ruptured iL c as the 
cause of her sjTnptoms was deposited on the dura («ee Fig 114) and was 
mistaken for calcified ligaments finalb \ rajs taken to e\aUiatc the degree 
of arthntis show ed the charactcnstic findings of Milkman s S%*ndrome and 
the correct diagnosis wasatTned at As so often is the case once «uspecfed 
the diagno'sis offers no difficulties The tcnim carotmoid and Mtamm 
contents •should be decrea'^d and the prothrombin time mcrcasod A 
fecal fat a alue cn er 10 per cent of the intake or o\ cr 2o per cent of the dned 
fecal weight i«, stronglj •mggestneof steatorrhea The characlcn'stic blood 
chemiotrj findings of osteomalacia (nrfe supra) <5hould be pre^nt A 
munber of the ca«»es [eg case reported bj Bauer, Marble, and Chflm 
(1932)] lia%e had instead of a low serum phosphorus and a rcLatuelj 
normal serum calcium le^el a normal <erum phosphoms level and a low 
serum calcium lev el wath tetanj Prcsiunabh m such cases there lias been 
nocomponsaforj hj^ierpLisia of the parathvToids (tidcsvpro) 

Tlie treatment consists m correction of the steatorrhea if possible as bj 
the admirastration of crude Lver catract or folic acid in the ca^o of non 
tropical sprue If this is not possible a low fat diet should be prc>cnbed 
and the fat soluble vatamins should lie given in large amounta between 
meals so tliat thej escape being dissoU cd m w Iiat little fat is present Tlie 
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most importint thing is not lo forget to gi\e all the fat «oluhle \itamms 
rather than just the one, the hch of nhich is catJ‘«ing the moot impresoue 
^jTnptoms ThiL", m Ca^eXo 22it uasnol until laii'e amounts of ntamin 
E uv the form of alplia tocopl erol were p\cn that the pvtient’s strength 
returned The «erum caret inoid Jm cl in a jiaticnt treated a ith all the fat 
soluble Mtamins seracs a": an index to whether or not there is an improve 
ment in the undorl>mg process, thus, the blood antamm A lead wall nse 
with vitamin \ Iherapj while the carotmoid level vnll onlj n-e if there is 
an improv ement m the imderivang gaolro intc«tinal pathologj 

Case Xo 22 Steatorrhea (Non Tropical Spruo), Hipovitaminosis D, 
K, A, and E, Osteomalacia (Milkman’s Syndrome), Thoratrast Impreg 
nation of Dura 

t) M CM G II 303a&l),aitou3c«afcof30, hrstentciTt! tlicMassachuscttsGpn 
crulllospital as a patient o! Dr William A Itogers on March 5, 104^ because ol 
gcncrnliied skeletal pain Her first ajanploms started 12 >cars previoush 
short)) after her first und otil) pregnane) ,nhcnsLe noticed pain in her feet while 
walking on rocks n lule stream fi lung Ijitcr she noticed eas) fatigahilU) and 
for about two ) ears girdle pains in her mid trunk region Although she tended 
to bo constipated, she did admit of episn Ics of diarrhea at winch time her stoola 
were very bulky She lost from her best weight of over 100 pounds down to 73 
pounds 

Because of the pain to the right hypochondrium she underwent a gallbladder 
operation hut no abnormalit) was found 

Her post htstor) was irrelevant except for an appendectomy 10 years pr* 
viousl) and a th)Toidectom> for nontoxic adenoma 7 )ear8 preriousl) 

On February 11, 1W2 she received thoratrast intmspinally m an cfTort lo 
demonstrate a ruptured disc, none w-as demonstrated 

On ph)'8ical examination she was exceeding!) weak, she was unable to raise 
her head off the pillow Hornlis were ver) tender, her abdomen was distended 
and showed ver) little peristalsis There was a mudd) brown pigmentation of 
her face such as is seen in pregnane) The pigoiontalion also involved the 
creases of her hands and the gallbladder scar but not the appendix scar 

I,nborntory studios urine Domoal, hemoglobin II 0 gm /lOO cc .white count 
■I,$00, sedimentation rate n< rmal, Hinton lost for s)philis negative, phenobul 
phonphthalem excretion excellent, stools negative except for moderate amounts 
of fat, mostl) in the form of fatt) acids Thecbcmical anal)SLS8howcd scrum 
protein 7 3 gm per 100 cc , serum calcium 8 7 mg per 100 cc , serum phosphorus 
t 0 mg per lOQcc , scrum alkaline phosphatase 10 8 Bodanak) units, scrum non 
protein nitrogen IS 0 mg perlOOcc scrum total cholesterol lOS mg pcrlOOcc 
serum chlornic 103 0 in eq per liter, scnim CO» content 10 m eti per liter (21 0 
m cq i>er liter In a repeit determination), and serum sodium Ml 0 ni eq p-r 
liter The 17 ketostcroid excretion and the rate of growth of axillar) hair sere 
w itliin norma! limiLa \s evidence of vitamin K defieienc) she had a prolonge«l 
prothrombin time 33 seconds as compared with the iiomial of 22 seconds os 
evidence of vitamm V defieienc) , she had a decreased amount cf vitamin A in 
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her Wood, 0 -1 units jwr cc (nomwl cqjsls I 5 units per cc ), nnd no cnrotirvoidi 
Her frxstnc acnlit> wis normal, the ercntmine excretion \er> low (tS 7 niR 
per 21 hours), while the creatine excretion was high (W32 mg per 24 hours) 
I iver function tests were normal Pinereatic ferments were founil to lie iiormxl 
in the (luodeinl contents b> Dr Martin M Nothminn of the Pratt Diignostic 
Hospital, to whom the authors arc \er\ much imlel ted 
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The diagnoses made n ere non tropica) sprue, h>po>itammosis nith respect to 
all the fat-soluble Mtamios, and osteomalacia with Milkm m a Syndrome Ac 
cordingli sb*' was treated with large amounts of the four fat-soluble vitamins, 
alowfatdietjdcsoxycholicacid and liver extract (at first a pure preparation but 
later, on advice from Dr Edwin J Kepler of the Mayo Clinic a crude prep 
oration) On this tberapj her united but uncalciCed fractures prorapll^ calci 
fied, her vitamin A level and prothrombin time returned to normal, but she 
continued to be verx wealc Testosterone propionate « as administered, 25 mg 
three tunes a week, with some improvement mstrength and reduction of creatine 
excretion to zero After 7 weeks of therapy and 4 weeks of testosterone injec 
tions, her vitamin T dosage wps changeil from 2 cc of wl eat germ oil daily lij 
mouth to 2o mg of alpha tocopherol three times dailv This change was at 
tended by a most dramatic increase in body strength She continued to l>c dis 
tended, however For this she was given acetyl beta methyl choline chloride 
(Mccholyl), 10 mg intramuscularly three times a day with marked relief On 
discliargc from the hospital two and ooc half montlia after onset of therapy 1 er 
serum calcium was 0 9 mg per 100 cc , her scrum phosphorus had returned to 
normal 33mg per 100 ce , and her serum phosphatase was still above normal 
14 0 Bodansky units 

The patient was last seen in July 1944 She bad done quite well on the whole 
However, x rays still showed poor peristalsis and the carotinoi 1 content of the 
blood remained negligible, indieations that the underlying patl ology was still 
present A later gas trie analysis had show n no free hy drochlonc acid cv en after 
histamine She had now no skeletal symptoms but continued to show achcmi 
cal osteomalacia, her last blood values being «erum calcium 0 2 mg per 100 ee , 
serum phosphorus 3C mg per 100 cc , and serum alkaline phosplatasc 10 4 
Bodanaky units 

(E) Renal Aadosts ResuUtng from Tubular Insiiflctenc}/ 11 tlhoul 
Glomerular Intuffctcney* 

Iwo important functions of llic kidney tubules, to make ammonia and 
to excrete an acid urmc, have to do with tlic conservation of base There 
fore, in the presence of damaged kidney tubules one might cxi>oct a scarcity 
of base with which to excrete acid In this eventu ilily calcium, boug a 
base, will lx? m demand and wall appear in increased amounts in the urme 
Ihe serum calcium level wall tend to fall The sequence of events from 
here on will be the same as in vitamin D deficiency the tendency to a 
low serum calcium level wall lead to pamtliv roid hvjierplasia, this will 
countemet the tendency to a low scrum calcium level and wall lead to liv jio- 
phosphatcmia, m the presence of a norma! or slightly low “crum calcium 
level and i low serum pha«plioms level, calcium wall not be dcpo-utcxl m 
osteoid and osteomalacia will result, the uncalcificd new bone wall lx? 
less resistant to stresses and strains, this wall le id to mcreos'xl stimulation 

• By “lasuOIciency ' the authors mean impairment of such a degree that tt o fimc 
tion in question la not carried out The combination of an impaired urea clearance 
and a normal scrum N P N level would be const Icred as cv ideiict of glomerular Im 
pairment, but not of glomerular losufSctency 
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of the osteoblasts ami to a high semm phosphatase le\el It will l>e seen 
later tliat if there is a glomerular lusufficienci along with flic (uhiihr in 
siifficiencj the abo\e sequence of events is mtcmiptixl at one stage 

The disruption of homeostasis with renal atidosis resulting from tububr 
insufFiciencv is not confined to tlus above ««quence Potassium, being a 
base also tends to be excreted in excess m the unne The h) perkaliuna 
maj lead to In pokahemia and to tlie low potassium sjTidromo siinihr to 
that seen m family pcnodic paralysis This aspect of renal acido is luis 
alreadj been di cussed m a paper from this hospital bv Ilrown Currpn« 
and Marcliand (1914) Casclvo 27 (see p 2o3) who was first reportnl 
m this previous communication liad epLodcs charvctcnzcd Ij pam in 
the extremities and inabihtj to move arms and legs the«o cpisotles wore 
accompamedb} alow scrum potassium level and thecliaractcnsticcliangts 
in electrocardiogram (notablj a lowering of the T waves) which one finds 
with pokahemia Ca‘« No 2S (see p 2^4) almo«t {c*rtainl> dcvolopeil 
the low potassium sj-ndrome as a complication of a severe acidosis just 
before she died unfortunatel> no chemical or electrocardiographic en 
denco of h} pokahemia w as sought FmaU> Case No 23 (see p 23") m 
an experimental stud^ wherein she received for five davs 130 meq of 
ammonium chloride daili , developed the prodromal sjTnptora^ of low *erum 
potassium wlulc the scrum potassium fell and the pota^ium excretion in 
the unne mounted (see F/g 120 p 248) 

Another possible ramification of the disonlered electro!} l© metabolism m 
tubular acidosis has to do with calcium ab«orption from the gastro-mtes 
tinal tract Browne and '\ mcbci^ (1932) liave shown that gastnc aciditj 
is decreased m acidosis This would tend to decroa«c the calcium olisorp 
tion from the gastro-inlcstma! tract and w ould be another factor fav onng 
the production of osteomalacia 

The present authors contrarj to the prevaousf} exprc-iscd opinion of 
Vlbright Consolazio Coombs Sulkowitch andTaUott(I910), now believe 
that the nephrocalcino is and the ncpluxihthiasis w Inch frequcntlj accom 
panv this form of renal acidosis arc complications of the disturbed homeo- 
stasis rather than causes One strong piece of cvidcnco in favor of this 
point of view lii^inthcfact that one meets osscntuiUv the same di turbance 
of homeostasis m cases vnlliout nephrocalcinosw or nophrohthiaMS as m 
cases with the«e complications Ihus the present analysis is ba^cd on 
eight cases tw o of these (Case No 23andCi!oNo 24) liad neither neph 
rolitluasis nor nephroc ilcinosis two ca>c& (Care No 27 and Case No 2S) 
had ncplu-olithiasis without nephrocalcino^is four cares [care nporte<i bj 
Butler, ilson and Farbcr (1936) care rejxirtcil bv Mhright Consohrio 
Coombs, Sulkowitch, and Talbott (1940), Care No 2o, and Care No 2fl 
Iiad both nephrolithiasis and nephrocaluno^is (ree Fig llo) \ recoml 



1 JR 115 \ l{aj I jlina on I our Cases with llenM Vrnlosia and Ncphrocaleinasis 
to S^ow &in)ilarit> 

( V) Case of Hullcr, Uilson ontl I arber (IfKMi), (B) ca«c of Mbri^ht, Cons<Inzio 
Coomla, Siilkowitch, and Talbott (C) Case No 25, (D) Case No 20 (From 

Albnght, Burnett, Parson, npifenstein and Itoos (1910)] 

22D 
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argument m f-wor of the ncphrohthiasis and nephrocalcmo^js being «ec 
ondarj phenomena lies m the fact that these when treated with 
alkali, do not form more stonea, indeed, smeo thej continue to pass some 



of the stones the number left m the kidneys often decreases Since al 
kah thcrapj lowers the calcium eacretion in the urine this suggests that 
the hj percalcuria is the cause of the stones The case reported by Al 
bright Consolazio Coombs Sulkowitch and Talbott (1940), Case No 
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25, and Ca«e No 20 all slio\\ ed with alkali therapj a <lecrcase m the number 
of stones («ce Tig 116) Case S reported bj Albright, Burnett, Parson, 
Iteifenstcin, and Boos (I9-J6) and Case No 23 uitJiout kidnei calcificatioa 
did differ from the group as a whole in one re«pcct — the abililj to concen 
trato the urine Thus, the specific gra\nt> of the urine reached 1 02S 
in case 5 and 1 018 in Ca«!e No 23, Case No 27 with nephrolithua'sis but 
not nephrocalcmo'sis likc'vi'se had a unne specific gra\itj of 1 018 but the 
gra\aties of none of the other ca^ exceeded 1 012 Thw abililj to con 
centrate the unne despite marked tubular msufiiciencj , m cmc 3 and C i*^ 
No 23, is a x erj interesting fact and maj be an important duo It ‘Uiggots 
that the original tubular pathologj does not iniolio the loops of Ilcnlt 
where most of the water is reabsorbed This lack of hjposthenuna b\ 
allowing unnirj concentration, would favor precipitation of tilciimi m 
the tubules and the authors boliev e that the hyposthenuria present m thosj 
cases wnth nephrocalcmosis is at least one fc iture which is the result of the 
ncphrocalcinosis 

In Fig 117 arc depicted m diagrammatic form the rclation-hips, one to 
the other, of the metabobe abnormalities in the siiidrome under discussion 

It should l>e pointed out at this point that tho condition under discusMon 
and so called “renal rickets ' aro two cnlirelj dilTorcnt entities The latter 
condition as pointed out bj Mbnglit, Drake, and Sulkowatch (1917) I'j 
not nekets at all but osteitis fibrosa gencrahsata (see p 115) As regards 
the bone pathologj m renal nckels, the emphasis is on incroasctl bone dc 
stniction as opposed to lack of calcification of newlj formed osteoid I<i 
be sure, Follis and Jackson (1943) have ^hown that even m renal nekets 
there IS some dela3 m the calcification of ncwlj formed osteoid the present 
authons agree with this point of view is » matter of fart, the pulOj«})efJ 
photomicrographs of the case reported bj Albnght, Drake and Sulkowatch 
(1037) are found on iCKjxammation to show tho osteoid seams to lie 'hglitlj 
wider than normal (bce Fig 5S, p 120) A fundamental difference m 
these two o&teo ncpliropithies lies in Uic kidncj pitholog> itPclf m tlic 
condition under discussion, one finds tubular d>'«funclion wath rclativclj 
little glomerular msuffiticncj Jhc tubular insufficicncj in renal rickets 
makes tho firet step in the eferangement of homeostasf-i f?te same as m t/ie 
condition under discussion, namelv there « a dccre.isc<l abilitv to make 
ammonia and to excrete an 4acid unne, thi* leads to a demand for c ilcmm 
for excretion in tho unne as a base tlustoatcndencj to a low scnim calcium 
level, this m turn to piintloroid Iijpcrplosii, but here tho scijuctKo is 
mtcmiptodl Itocauso of the glomcmlar disease, tin incraiscd parathv roid 
hormone does not produce a iihosphorus diuresis and lower tho clevatcKl 
scnim phosphorus level resulting from phosphorus retention, with a high 
scrum phosphorus level there cannot be much delaj m the deposition of 
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c'llcmm into the ne\\h formed osteoid nirtlicrmorc m renal ni kpt'» then: 
15 u^lUall^ marked retention of urea, creatinine, line leid, sulphate, nntl jk) 
tassmm, and considerable imp-urmcnt of phenol nliihonplitlnlem excretion 
Tlie acidosH in renal nckcls m short, H due not onl\ to a shortape of Ka^e 
but to a retention of acid radicals therefore it is not immeihatclj coma teil 
b\ thcgningofba.se In hip 118 are dcpictwl m diagrammatic form the 
rcLationship-s, one to the other, of the mctafiolic abnormalities of renal os 
teitis fibrosa gcncraliiata Tins figure is to l>e i*onlra.stetl with Hg 117 
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The etiolog) of the onginal Kidne\ palhologj m renal aeido'i-s n-tilting 
from tubular insiifTicienca without glomonilar insufTinenei nmaias otr 
scure One fir«t tbink-s of an oscmihng infection of tin tul ul<** fnni a p^e- 
loncphntis The actual oidcnce for tlus iii eight well adiancol ri'cs 
howeier is shght Onij mCiM \o 23tind possihK mCw No fTTnere 
imnara infections dimon-strateil 1 lie cn.se n jmrted In All n,,ht C<n 
Mil mo Coombs ‘•uIko\Mtcli,andTnllwtt (I‘MO), Cns No 23 Ci-'cNo 21. 
Ca-so No 20, and Case No 2S all had negatne iiriiurj cultures Tlicrr 
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ncro no unnarj cultures, reported in the c’lse of Butler, \\ jKon, and Far 
her (1930) The autop3^ findings m the kulncjs m Ca*^ Xo 28 (sec 
p 250) arc inlercslmg but not loo clear-cut The fact tliat most of the 
glomeruli were unimohed fits the clmical picture It is alao consistent 
tliat the mosst important changes were in the ton^ oluted tubules On the 
other band, there uas CMdcnce of a Ion gride or a healeil pvclonephnti'. 
Bo>d and Stearns (1941) reportal a similar C3-«e ulntli shoiied onh shght 
calcium deposits m the p\rimid» while the tubule^ wcrecs?entialli normal 
though the comolutod tubules were con^lderabl5 dilated Baines Bar 
claj, and Cooke (1945) leportcil a \en interesting case The patient a 
29 j ear old w oman h uI bilateral renal stones an e!e\ ated «erum chloride 
lead a decreased plasma bicarbonate lea el and a rehtivelv fixed unnarj 
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Comparo vwtb I jg 117 (From Mbngtit Burnelt Parson ncifenatein, and Roos 
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specific graa itj and pU, she rcspondcil to ‘wlmm citrato-eitnc acid therap> , 
she. died after a <5cacrD re ict ion to sulfallu izde Prehmmao histopatholog 
ical cxammition of the kidnej's showetl calcification m the paTumids and 
renal pela l-. but ncghgiblo amounts wathm the tubules and kidnej tisbucs 
The tubuico tbcrn'claes shnwcil extcnsaac a-aciiolation and an alteration 
m the tjpo of cpithcluun Occastional gloraenih were atrophied There 
was no c\ idcnco of pnraata chronic x asciil ir diva.se or glomenilonephntu* 
Tlie authors felt th it the findings were con.<«stcnl w ith a non mflammatorj 
tubular defect Thus the nature of the primarj pathological lesions 
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remains obscure — \^hetller metabolic or cnmnatic whether mfectiou’ 
w hether clogeneratn e 

Ihe authors believe that renal acidcKts of the sort under discussion lead 
mg to nephrocalcmosis and nephrolithiasis and at times to osteomalacia 
IS rehtuclj rare Itisprobablj idiopathic hj percalcuria (discussed on 
p 2G0) and not the t}^® of renal acidosis now bcmgdacusscti which largeU 
accounts for the findings of Docks (l&tO) this im ostigator noted that a 
large number of patients with renal calculi ha\e Ivpercalcuna couple I 
with a disproportionate increase in iinnar^ calcium excretion when \ itamin 
D or an acid ash diet are gi\ en 

The response to treatment m these cases is most «pcctacular («ce Fig 
119 120 and 121) and since the treatment is based on the tieoretical 
considerations just d!«cu«sed the \ahdit> of the theories is strengthened 
thereby Inasmuch as the initial disturbance is a shortage of base tl e 
first Item of treatment is the adnumstration of ha?c This is best gi\cn in 
the form of a «alt of a mineral base w ith an organic acid c g «odiimi citrate 
sodium lactate or calcium gluconate or if h>pokaliemiaisafactor acorn 
bmatiou of sodium citrate and potassium citrate TI o organic acid is 
burned after absorption leaving the ba«o free to help m tho cvcrolton of 
acid in tl e urme An organic aad such as citnc acid wluch will be largely 
burned after ab<!orption can bo given m addition to increase the gastro- 
intestinal acidit> and hcncc favor calcium absorption The prescription 
advocated bv Dr /Ufred T Shohl and used b> Albnght Consolaaio 
Coombs Sulkowitch and Talbott (1940) consisted of 140 grams of citne 
acid and 08 grams of sodium citrate disyilved m one liter of water tho pa 
tient takes 50 to 100 cc of this mL\i.ure dail> dependmg on tl e amount 
needed to overcome the acidosis "Mbcrcas such alkali therapv bj it«elf 
will quicklj restore the scrum cldondc level and CO* content to normal 
it will not cure the osteomalacia — at least not in a short period of tune 
Smce the cause of the osteomakacia m the first place is a shortage of base 
the above statement at first *wm3 contradictorj The explanation is 
probablj one of simple arithmetic The normal adult ab-orbs relatncl> 
httle calcium (in round numbers let us say 100 mg dailj ) and if m calcium 
eqiiihbnum excretes in the unne an amount equal to that which is ab 
sorbed * If this individual now develops renal acidosis of the tjTie imder 
d scussion the calcium excretion in the unne maj reach 300 to 500 mg 
daily this will mean a loss to the bod 3 of IHK) to 400 mg dailj if this goes 
on for months and joiara the skeleton will become depleted and the elev ated 
calcium excretion m the urme will somewhat decrease Now if one over 
comes the acidceis with alkali therapj cme can prevent furllier loas but the 

• Id this arithmetic the amount of calcium ataorbed and re orcreted in the b leis 
disregarded 
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mo‘'t one cnn hope to achieve m the way of a positive balance is 100 mg 
per daj if the calcium excretion in the unne should fall to zero, but eince 
the parathvroid hviierplasia keeps the scrum calcium up to normal there 
will be some loss of calcium in the unne and the positive balance Mill be 
less than 100 mg per dav 'Uiexeforc, the setond step m Ihcnpv js the 
ulmmistration of an agent vvhichvvill increase the calcium absorption from 



Tin 110 \ llaj I ilms o{ V\rL«l on Case No nith Kickots Itcsulline from Kctiil 
\ci losH (A) Before (1 10 D) and (B) \flcr (2 21 aj) HcahiiK of Rickets with Mas 
8IVC l>o«r» of V itnmm D 

II rom Albright Burnett Parson Beifenatcin lUid Rons (lOtO) 1 

th( g istro intestinal tract, namelv vitamin D A combination of this 
with alkali thcrapv will bnng about the desir«l end Iluis, vitimm D 
will cause calcium to he absorlad, ulk ih tliompj will decrease its lossm the 
unne If vitamin D is given alone a large part of tlic calcium which is 
absfjrJxxl wtll be rc*cxcrcte<I m the unne If alkali thcrapv is given alone, 
verv little cilcium will ho abvorlied 90 th it inspiteofliflli loss m the unne 
the halince will still be onlv rfightlv po*-itive As a matter of fact if one 
gives a verv high calcium intake ind mns-sivc doses of v it imm I), Fo much 
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calcium vnW. be absorbed that m sp te of tlie large Io«.s in the ur ne the 
patient vnW 1 e in positne calcium laUncc and the osteomalacia wll I c 
cured (see Fig 119) Once tl e o teomahen « cured alkali therapj alone 
ill pro% ent further bone disease ami continuation of \ntamm D in massu e 



F g 120 Case No '’G Heal Ac dosis w Ih 0»tcomalnc a and Tscpl rocaJc nos s 
\ ra iilms of Femurs to Show Effect of Tlicrap 3 

(A) \ ray on 4 1-13 and (B) \ raj on " -13 Note that calluses of t lateni 
osteotomy performed on &~2o-4‘* »ere onb incompletelj' catc fi«J on 4 1-43 1 cforc 
therapy IFrom Mbright Burnett Faison Rcfenslen an 1 Boos (ICM6)1 


doses is not only not nece^rj but maj load to b 3 T>omtarainosis C«oc p 
9o) 

The above treatment not onb results in the allet 'ution of tl e br ne iJ •*- 
ease but restores normal grou-th uhere tie cp phjses are not \et un ted 
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The lack of skeletal grott th in rickets has been attributed bj *501110 to a dis 
order other tlian that in the calcium metabolism It is possible hm\e\er 
to draw up a reosonalile In-pothe^is to explain it on the 1 asis of the di or 
dered calcium metabob m Thus the sequence of cients might be 
(1) relatn e imvaturation of LikIj fluids \nth calcium pho^^pliate (2) failure 
of calcification of the zone of pronMonal calcification of cartilage (3) 



Fig 121 Cmo No *’0 Itc at \cidofi s with OstcumU ris an 1 Nepl rocalcinos 3 
\ ra> Filnxs of \1 lomon and PcUis to M t > ffccl of Tl cripi 

(^)\raj film on 3-30-13 {B)xraj flm on P ‘’1-44 In \ note increased 
rad at ^llt^ f bones fractures on pubic nn 1 at i cs in lower end of rigl t ureter 
marked sc liosis and I lateral nepi roe Icinusis In B note normal densitj of 
I ones decrease 1 dei,ree of sco! «ts new c Uection of stones at lower end of right 
ureter and decrease in nun ber f k dnej stones [Fr m \1! rigl t Burnett Par»on 
neifenstein an 1 Iloos (1910)1 

failure of mature cart ihgo cells to dio (4) failure of blood x csscls to I rc ik 
into holes left bj dead tMrlil igc colls (o) continuation of prohfemtion of 
cartilage cdls (f) an mtrcismg di tance Itctwcen proliferating cartilage 
colls and blootl supph and (7) failure of cartilage cells to probferolo duo to 
lack of blood supplj 

CoMsJso 23 Itcnal \cidosis Milkman sSj'ndromc 

M St P (M C 11 23751") a40 jear oIdKhiteinamedlaundress firstentered 
the Outpatient Departmci t in February 1910 complatoingof back pain forsev 
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era! j rars and of p im and stiff i)C*« of tLe finRcra of tbo loft hand for ono and one 
lialf jears She had 1 ist SOimunds m Ihcpfecciling two j jars 

ni\«ical examination moalrd moderate atrophi of the left forearm, ondse 
acre atropha of the left thinl, fourth, and fifth fniRcrs There was marled bv- 
jicrcstLeoia of the«e pirts 

Initial X ra\ exammition shoncdsctcredeealeirieation of the left hand, nwnt 
marled in the third, fourth and fifth fingers There n« a jieeuda/racturcof the 
Icfteeapula (sec hig IfiSF). the significance of which was not appreciated at that 
time The spine was decalcified and showed scoliosis and kijiliceis 

During the neat jear the patient was treated in numerous chnic' in tl r Out 
patient Depirtmcnt and was twice ndmiited to the hospital, once on the Ortho 
pedie Serviee and once on the Neurological '^raicc Howcacr, tie correct 
diagnosis was not made, she was considered tohaaeps) choneurosis.she Isi-an e 
progrexajio)^ iror«e, the pains tn her hand and hael intreased, pam m the pubic 
hunesandlatcrgoneralized tione pain developed, she het an additic iialCOjiounds 
The patient again entered the hospital in ^Iarch I'dl Sht was not a com 
plete invalid due to her severe l>oiie pains hurt! cr x ra>w « f the borra an I a 
review of previous films led to the eorrect diagncwis of MdVman’e sv nd'ntne 
These X rajs revealed some decalcification of all hones Tl ere were 1 j ah I 
fr ictures of the dtstal ends of the shafts of thi left ridia* and ulna an i of two 
phalanges of the left hand The left scapula stdl showed the jweudc fracture 
pnviouslj deacnlicd \o corresponding fracture was *eeii in the right scaj u!a 
riiere was in old fracture of the tenth rib on the right In the^alvH weresvm 
metric d laeudofractures radiating from lie sacroiliac piints into the ilia, and • ' 
the pubic bones running thmugh the superior rum The rliill wosonlv niodir 
ntelv decalcified The lamina dum was absent about must of it e tnth 

Urine analj'SLS showed moderate nlhutninurn, a sj>ecirict,ravil\ during a uni e 
concentration teat of 1 OIS,pcrsi»fentlj n slight precipitate with Itcnc het aS 2u 
tion, n urinarj plf of 5 5, and man) graniil »r and hj aline cn»t« in the Fcdimert 
I'b''’voUuIphon}ihthaIcm excretion ofur intravemus admuiietratiun was S j»r 
cent in 1^ miimtoa.T per cent in one half hour, with a total of S'' j»er rent in two 
hours The studies of tie blood rcvcalnl H gm of heinO|,lnbin, 4-V> mdlioa 
erj throc) tea, 9,.KW leukocytes, and n normal erne ir ‘wrumnnalysLashownlcat 
emm 9^ mg jwr 100 cc , pUnepliorus I *) mg jicr l(X) ce , alkaline phnaj liala.“e 
7 5 Uojlanslv units, non protein nitrogen 16 mg per 10ft cc , protein fi *> gm per 
100 ee , COi combining power 10 9 m oq per liter, chloride 107 H in eij |>rrlilrr 
total base lOS m eij liter, and soilium ll'* S inoiq jwr liter The j K*nw pll 
waa7 27 \ glucose tolerance test m va normal \ tibial biopsv was perf nircd, 

the Ixine was jlcralcified with Mueller s fluid, Dr CiranvilU \ Ih imctl di I r it 
cotuauler the width of the oslconl prams grcjtcr th m n irnial and consid'Trd tie 
S]>ccimiii normal 

Ondischargeon June 2S IJUlshcwasgiven vitamin D, 30(>nOunJtsdulr *n I 
sufiieient sodium rilratc and calcium glucon jte to control the aeidi»>w an 1 ir*iire 
a high c ilcium intake U ithin two months there was a dramatic improvca n t 
Itv beptemlier 1*^11 the bone pain was decrease l,she was nl le to walc.l cr aj 
titc had increased, and slu was gaining weight TliC fracturra of the j>rlvw at"- 
nghtseapiita were no longer xisibicinx ravatalin during Janusrv 1*^1? Srum 
calcium, phfwphonis and phwphatast aalHcs relurneil to ni rnial 

There was pep<wlcnee, however, of the pain in the third, fourth an I f“ 
fingers of the left hand, tlaa was considered lol<e a tonn of rsus-nlgia an 1 Ins-J"^' 
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connected w ith tbe healed fracture of the radius and a ner% e crushing operat- 
ing of the digital nerves of these fingers was performed Dr James C. hito in 
June 1912 following winch she was conipIetcl> asvmptomalic for six montlis 
The pain then returned In March 1943 her left ring finger was amputated 
which ga\ c complete and permanent relief from this m^-stenous pam 

The patient continued to be followed in the Outpatient Department She 
continued to show alow COtcontentoftheserum and a high serum chloride value 
when off medication, and normal values when on medication The latter con 
suited of large amounts of vitnmmD (circa fiO.OOO units daily) and sodium citrate 
(circa 2 teaspoonsful of the crystals four times dadj) In September 1014 she 
fell and broke her left arm, this healed without incident 

On December 6, 1944 while asjmplomatic, she consented to enter the meta 
bolic ward for the fitudics discussed elsewhere (sec Metabolic Studj No 14, p 
217) This opportumtj was taken to check some of the labor itory findings 
The urine showed persistent albuminuria which was not orthostatic The urine 
sediment was essentially negative Four urine culturcssJioiied “no grow tli” and 
there were no bactcri i present in the unnarj sediments (On two occasions in 
the Outpatient Department, coca had been present m the urine both in thescdi 
mcnl and on culture, this apparent infection had cleared up with sulfathiazole 
therapy ui spite of the fact that she had taken the drug for only two days ) Her 
unnorcached aepecifie gravity of 1 OlSdunng a urine concentration lest Bcoal 
glyca«uria to a very alight degree was probabU present, but eystinuna was ruled 
out A phcnolsuIphonpbthaleiR test showed 15 per cent excretion m 15 minutes, 
5 per cent in 30 minutes with a totalof 30 percent id one hour Analyses of the 
serum showed calcium 10 1 mg per 100 cc , phosphorus 3 5 mg per 100 cc , al 
kalinc phosphatase 5 1 Bodanaky units, protein" 8gm per 100 cc .chloride 100 0 
mcq per liter, CO- content 2J0me<i per liter, sodium f 3" Om eq per liter, and 
potassium4 0meq perliter Tlicblo^ pressure was 120/80 

Case No 2-l‘ Ucnal Acidosis, Late Rickets 

M \ (M G II 10S199), a 17 year old Canadian born fcmvlc, first entered the 
M t«s3chuactts General Hospital on January 7, 1939, compHining of dcfonnilies 
of tlio legs of 14 years duration 

At 3 bowing of the legs was noticed, alC a diignosis of rickets was made and 
cod liver oil and sunshine were prcscnbctl, at 10 the patient w -is studied at the 
hhnner’s Hospital for Crippled Children in bpnngfield, Ma*!'’ ichuxelts, where 
It diagnosis of renal rickets and dwarfism was made and corrective ostoatomies 
w ere jicrformcd, at 13 she sustaincil a traumatic fracture of the right w nst which 
IvttwWd yw<iTO.y.tly U'AtwtUi.ds.t<scnut\*at 15 Imr eight femue wiatciuitutedas are 
suit of trauma and healed in six weeks, but deformities of this leg increased, at 
lOshe developed ascvcrc pun in the right uppcrleg and thereartcr was unable to 
walk without crutches Unoaly sis while alt he Shrmer’a Hospital rev ealedalbu 
minuna and the presence of occasional costs m the sediment, but normal renal 
function as judged by (he phcDoIsulphonphthnleio and urine concentration tests 

The patient had had whooping cough and influenzo at the age of 3. mumie al 
C and measles at 12 She had had frequent tonailitis until a tonsillectomvnt 12 
Cod liver oil had been administerei! from e irly childhood until two years licforo 
entry, and she had had ample csjiosure tosunlight Catamenia had Iwgun at the 
age of 15 
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The mother and fat her and 8 x siblings Rerpliiingand^cll 
Phj'sical examination except for si ort stature multiple skeletal deform t rs 
characteristic of rickets and a blood pressure of 110/0 iias non contril utor) 
The urine anal i-sisshowc 1 mo lerate albuminuria rareleucoc\tc3 in tleswli 
ment and aspccifegravitx of 1 02Sdunngnurincconcentration test Pouline 
blood counts were normal Tl c serum non protein nitrogen was 33 mg per ICO 
cc the scrum protein S 0 gm pcrlOOec tlescrum calcium ll^nndO “niE per 



Fig I?’ Case No 24 Hen il Vcidosis Late Rickets \ ra\ tilmsof Ki ccstosLow 
Pscudofraclure { krrow) 

Films taken on 1 13^3 (From Mbriglil Hurnett I arson Hcifcnslcm and Rocs 
(19IG)1 

100 cc on two determinations thcBerumpl asphorus?^! mg jicrlOOcc on each 
of two determinations the serum alkaline phAsphatasc IC^ Iknianski units 
Roentgenographic CTamination of the skeleton (bcc hig 119 V and Fig 121) 
revealed marked gcneraliied changes ronHidereil c n-iistent with long stand ng 
rickets There wasa pseu lofrsetureat tleu| perend of tl e til a(«eelig 122) 
Root formation of the teeth wasretarle! tielamna lurawasi! nanlineom* 
I laces completclj al«ent The dotal ep phv«eal lines of Ixith ra 1 1 and ulnae 
si )we 1 ll c cl aracteristic changes of rickets <««e Fig 119V) Tlercwrrcnul 
tiplc old incomplete roughl> ajTon etneal fractures of tl c fem irs thac cbo 
lac and metatarsal bones 
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The chemical determinations and the x ray findings made the diagnosis of 
rickets certain, it was felt at that time that the most likely cause of the rickets 
MSS a resistance to the usual doses of vitamin D She was, accordingh, gi\en 
120,000 units of vitamin D daily and diseharged to the Outpatient Department 
An X ray of her right wrist taken S weeks later shoued the rickets to be healed 
(sec Fig IlOB) At this time the scrum calcium was 12 5 mg |>cr 100 cc , the 
serum phosphorus 4 1 mg per 100 cc , scrum alkaline phosphatase 14 2 Bodan 
sky units 

Subsequentlj , her serum CO* was found to Imj 17 S m eq per liter (nor 
mal about 27 m cq ) Because of this acidnsis and the persistent albuminuria 
it was felt th it some abnormahtj of renal function might 1 e the basis for her 
trouble She was aecordiiijy readmitted for further studj on Juno 2G 1939 
\ itamiii O had been discontinued on April 22, 1939 

Unne analysis now revealed a pll of 5 5(o6 0 moderate albuminuria normal 
sediment specific gravitj of 1 02S during a unne concentration test and no 
growth on culture The excretion of phenolsulphonphthalcin after intravenous 
administration was 10 per cent m IS minutes 10 percent m 30 minutes, 15 per rent 
in 60 minutes, making 33 per cent in all Iheserum chloride was 111 Om eq jwr 
liter, the scrum COt content 18 1 m cq per liter, the serum calcium 10 S mg per 
100 ec , the serum phosphorus 3 Img perlOOcc , the serum alkaline phosph itaac 
13 I Bodansk} units An intravenous p)clogrnm gave normal findings The 
bones of the pelvis appeared more calcified than on the previous cxaminati in in 
Januarj 1939 ' 

The patient was given large doses of sodium citrate 25-40 gm ilail j , for 7 daj s 
On this regime her serum COi rose to 23 m eq per liter her scrum chloride fell to 
109 Om cq per liter, the urine pH rose to 7 6 The patient was again discharged 
to the Outpatient Department 

Sulxsequentlj (moat recent visit Novembcr4, 1911) she lijs remained in excel 
lent health Afost of (he time she has taken two tcospoonfuls of sodium citrate 
crystals dissolved in water three limes dail> at times she has taken moderate 
amounts of vitamin D In May 19438he w as found to hav c a normal prothrombin 
time and normal contents of vitamin A and carofinoid in her blood Further 
urine cultures and unne anali-ses made aclivc pjelonephnlis most uiilikcb 

The ph\sioIog> and the clwiictl '=cqviplho resiillmg from 

tubular msufncieiicj-uithout-glomcnihr msufficiencj linxo been pre^nlotl 
in a dogmatic fashion Some cNperimcnls on one suth patient will now bo 
presented Before tloing this it will lx> nccessarj lo insert a theoretical 
discussion 

(1) Digression on Compensaforj Mechine>ms IMiich Aid in (he Urirmr^ 
Excretion of an Excci!* of Acid or Alkaline Badicals 

For tho understanding of Uio expcnmcntal data to come hter the pre^nt 
digression is almost essential If the intake (diet, medic itiona, e/c) 
contains an excess of mot^anit otidito\er basic radicals, i e an "acid ash” 
mixture, three chief mechuu-ms come into plij to help excrete (he excess 
acid and so to a\oid an acidosis [Gamble, Blsckfan, and Hamilton (1925)1 
1 ho first and most important nitclianiun 19 the production bj thejvidno} _ 
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cf ammonia This mechanism, requues ‘mme time — at least 5 tlays to 

reach its maximum 

The «^ond mecham«m la the excretion of an acid unne As the unnan 
pH decreases below the neutral pomt, more and more of the organic acid 
IS excreted free without base and more of the phosphate is excreted m the 
form of pnmarj phoaphate as oppo«ed to secondarj phosphate The 
saAing thus attamed la measured bj the "titratable-aciditj-of the-unne’ 
which IS the amount of base neceasaix to bring the unne to a pH of 7 -1 
Smce there is a minimum (4 7) to which tlie pH of the unne can decrease 
it to obvious that there is a hmit to the titrstable aaditi depending on (lus 
minimum and the amounts of organic acid and phosphate in the unne 

The tlurd mechanism is the dis-olution of bone «alts- Of lhc«e, the 
«alts other than tho^ of calcium are negligible Shohl (1939b) states tliat 
85 per cent of the calcium in the skeleton is m the form of tertiarj calcium 
phosphate and 12 per cent in the fonn of calcium carbonate, this leases 
3 per cent unaccounted for In the followmg calculations it will be assumed 
that this 3 jier cent is combined with organic acids «uch as citnc acid 
At a pH of 7 4 the tertiary calcium pho pbate would be excreted as a mix 
ture of secondarj phqsphates (80 per cent) and primary phosphates (20 
per Cent), this would leave 40 per cent (1 X SO + § X 20 = 40) of this 
calcium free for union with other ac>d» All the calcium of the calcium 
carbonate and of the calcium salts of other organic acids such as citnc acid 
pronded the organic acid radicals arc completelj oxidized to COj and 
water, would be ax ailable for excretion mth mineral acids m the unne It 
will be seen, tiiercfore, tliat 40 per cent of 85 per cent of the calcium dis* 
«oh ed from the bone and 100 per cent of the remaining 15 per cent (49 per 
cent m all) would be available for neutraLzing mmeral acids m the unne 
To tenure if the unne xvas acid the calcium djL.oh cd from the bone would 
haxe a greater net value but this added value is taken mto account in the 
titratable aciditx and «so can be dismissed here 

There is a fourth mechanion — the excretion of bodj fluids, notablv extra 
celluhir fluids In the pre«ence of an acidosis the bodj can excrete «ome 
of its fluid and hence make available part of the base of this fluid to neutral 
ire acid Smce mo t of the ba^e of this flujtl is already off cet bj mincril 
acids, the actual importance of this source of base is less than one would 
first think Furthermore, one caimot keep on excreting bodx fluids «o 
this mechanirm must l>e considered as a temporarx and limited one 

If the mtake contains an excess of moigamc basic over acidic radicals 
1 e an ‘alkalme ash” mixture, the chief mechaninn, as «hoivn bx Gamble 
(1922), relative to the neutralization of the excess of ba^e in the unne is 
the large amount of carbonate «o excreted at alkalme pH s The concen 
tration of carbonic acid m the unne rest", as does its pla-ma xalue, on the 
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cirbon cboxide tension in the al\ eolar air Since the hj drogcn ion concen 
trition of the urine is determined bj the ratio of free nrbonic ncid to hi 
carbonate this fixed \ aJue for thonumeMtor prescribes the mdi\ idual\ alues 
for bicarbonate o^er the range of unnarj plls («ce Tig 123) Ihc in 
tcrcsting point brought out b> Fig J23 js the rapidity mth ohjch the 
bicarbonate m the unne increases as the pH abo\c the iicutnl pomf 



Tig 123 Carbonic Acid nnd Bicarbonate iQ Unne 
Diagram taken from Gamble (1312) to illustrate tl e rapid increase in urinari 1 1 
carbonate as the urinary pH rises above the neutral point 

Tl c aull ors arc in lebted to Dr J I Gamble for permission to reproduce tl la 
fgurc IFrom Albrigl I Burnett Parsoti Iteifenstcin an 1 Itois (13iD)) 

If one knows the pll of the tirmo and if one assumes a normal tension of 
carbon dioxide m the ah eolar air, one can calculate the nmoimt of bicar 
bonatc m tho tinnt b\ the Henderson Hasacibalch equation 

pii = fi 1 + log niico,/ii,ca 

InTi^ of the paper bj \lbright Burnett Pirson Bcifcnstem, ami Uooa 
(I9-ir») some bicarbonate aaluon dcn\cd from the ahoto formula are com 
pared with tho actual bicarbonate found all things considered, the agree 
ment is surpnsmglj good 
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Fig 124 Diagrama to Illustrate * Acid Ash Diet , Alkaline Ash Diet , SB£*’ 
( Sum of Base Spacers ), and “Tilr^tablc Acidity Minus I1C07 

1 Acid Bsb diet, inorganic {ficed> base is represented h\ ccilumn «tth \ertical 
lines at left inorganic acid is represented bv open column at right difference in 
heights of columns represents aciditj of diet 

2 Acid ash diet with corrections on the basic aide for that ammonia which is ex 
creted regardless of need for base and on the aeidsidc for the organic acid, it is the 
difference between the heights of these two columns which must be taken care of by 

the sum of the base spacers (SBS) 

3 Diagram to represent individual components of S B S , namely Ml*,Ca'”'and 
Titratable Acidity Minu 3 -nC 07 To bestrictly correct only that part of theVli« 
wh ch IS produced in response to the acid regimen oier and lieiond that which would 
haic been produced regardless of the regimen el ould bo Counted, howcier, since 
there is do wiy of separating the two itisbesttoconsideralJlheNH, as apart of the 
SBS As discussed in the test only 49 per cent of the negatne calcium balance is 
counted in the SBS 

4 DiagramtoiIIustratemcthodof computingT A minus IICOi as asingletalue. 
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From the above discu'ision it la seen that the immonn, plus tlie titratable 
acidity, plus 49 per cent of the calcium mobilized from tlie skeleton serv e 
as sparers of base* while the bicarbonate m the unne serves to remove 
anj surplus of base w hich may havaj been masted or which the base sav ers 
may have provided, unnar^ bicarbonate, therefore, is a negative sp irer as 
it were This gives us the following quantitative expression for the 
sum of the base sparing mccliamsms (S B5 ) 

S B S = IsHt + tit ac + + 3b/100 Ca^ - IICO; 
w here Ca represents that aliquot of calcium excretion w Inch is donv ctl from 
the skeleton, namclj the negative calcium balance However, the deter- 
mination of the titratable aciditj and that of the bicarbonate in the unne 
offer some difficulty due to the ease vnth which carbonic acid diiTuscs ofT 
This difficulty can be circumv ented b} omitting both of these determin" 
tions and mcasunng in their place the ‘ titratable aciditj minus COi 
[ \lbnght, Bauer, Ropes, and Aub (1929)1 This \ alue is obtained bj add 
mg a knowTi amount of hjdrochlonc acid to the untie, aeriting until all 
tho CO» IS driven off, and then titrating back to a pH of 7 4 The answer 
is obtained by subtractmg the amount of acid added from tho amount of 
alkali used m the titration These steps are illustrated in Fig 124 
In Fig 125 some very interesting and pertinent data from a paper bj 
Farquliarson, Salter, and Aub (1931) are presented in diagrimmatit form f 
The data pertain to a man of 37 « ho w as conv aloscmg from lead poisoning 
and show the effect of various acid and alkaline regimens on tho S B£ 
The first point brought out m Fig 125i3thofairh goodpamlleh^mlietwcen 
the S B S and tho acidity or alkalinitj of the ash of tho intake (diet plus 
medication) , it should bo noted that the S B5 is not zero on a neutral ash 
diet, this 13 because of the oqpinic acids which must lie covered bj & B5 
Of interest, secondly m Fig 125 is the insigmfifame of the cakium mobilized 
from the skeleton as a factor m thoS B S despite the marked increase m the 

•By base” 13 meant fired base — ic Na.K.Ca andMg 

t The same (lata were charted m a somewhat difTercat manner by Salter, Far 
quharson and Tibbetts (1033) 

From diagrams It 13 seen that T A - minus -IICOI 13 represented bj the distance 
AB minus tho distance AC i( one adds a known amount of acid (\C) to the aci 1 col 
umn, thereby setting free the HCO| (AC) it will I e seen from the figure that \B — 
\C ~ AB - AC - T A - nCO, 

t ,2 ,3 ,and4 These four disgranB represent (or nn nlkntincnsh diet the name 
analj-scs os diagrams 1,2,3, and 4 represent for an acid osli diet It will be noted that 
there IS no titratable aciditj, but in itsplace titratable nlkahnilv (T \1 ),titratalle 
alkalimty maj be considered ns negative titratable acidity, m tho arithmetic at the 
right of the figure therefore, the distance DA is considered as the negativ e distance 
AB 
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CNcrction during the odminivtratron of XH«C1 C«ce penal-, 14 and B) Tlie 
third point to be noted h the tendcQc> for tlie titmtahle acidih mmu-v 
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Iig 12a Compansgnof t1 e Acidtalucsof thcDiCt \«ith tlicS R S ( Sum of liaae 
Spares ) unJer Neutral \ciJ an»l Alkaline IleKimcDs 

The b ISC sporers— ealcium mobiliretl from skeleton ammonia and ' litratat Ic 
acri/rfy minos COi —are charfee/oncon fop«f<6eo(ferinticordergi\en, where tie 
litratablo acidit) minus COs is a negative value it u aubtruclcd from the sum of tl e 
other two (sec periods 7 through 12) Tledataareehartcd asS-daj values Incal 
cuHting the calcium components of the S ,49 per rent of Iheunnirycnleiumass 
taken although not all the urinary calfiumn-asncccssarilrdcrned from tljcskeJetin 
It should be noted that in spite of this the talues so charted were insignificant and 
became detectable in (he diagram only during periChLs 14 and ]$ Tl c calcium is 
charted separa tell Kitha Jargerscafeat tic tiottom to slow fie marked mere win 
excretion with ammonium cl loride and the failure of ll c excretion to incrcise with 
sodium acid phospliate For further discu-ssion of diagram see text [From tl 
bright Burnett Parson Reifcnstcin, and Boos (1910), the data for this diagram are 
taken from Farfjuh-vrson Salter, and tub (ICai),andarci rewntod here with the per 
mission of the Journal of Clinical Inantigation, the authors are indebted to Dr 
Ilarrj B Klincfcltor, Jr for the preparation of ttia diagram I 

COi to reach a limit on the posit i\ c side os discuv-ed aliov p (torapare jienol t 
14 and 15 «ith penod 13) Other pomU of intercut m Ilg 12.3 are the 
delaj in the ammonia excretion m reaching a maximum, tlio cfTect of an 
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increase m pliobpliatc intake on the degree of positmtj of the titratable- 
acidity minus COj (see periods 10 and 20), and, since m a suflicienth acid 
unne sodium acid phosphate requires no added base, the faiJure of thi'. 
salt as compared with ammonium clilondc to pull out ammonia or calcium 
The last pomt is all important m the clinical problem of acidifiang the 
unne to pieaont the formation of calcium phosphate calculi, but this is 
aside from the present discussion rmall>, it should be noted m Fig 
125 tiiat the S did not quite compensate for the increased aciditj of 
the mtake uhon ammonium chloride »\as added in penods 12 through 15 
As had to bo the case, this did result in a blood acidosis n ith a plasma COj 
content of 14 5 m cq per liter m penod 15 

(2) Metabolic Data on Cose of Renal Acidosis Resulting from Tubular 

Insufliciency-Without Glomemlar-Insuffieicncy 

Metabolic Study No 14 

Case No 23 Renal Acidosis, Milkman’s Sjmdrome 

M St F (M G H 2375-17), A 40 5 ear old white married laundress entered the 
metjboho ward December G, 1014 Her clinical history has been gnen nbovo 
(see p 237) 

A Expenment A — ^Effect of Neutral Ash, Acid Ash, and Alkaline Ash 
Intakes on & B S , Calcium Metabolism, and Potnssiiun Metabolism 

la Fig 120 arc presented some data on Case No 33 obtained during a 33 da> 
stud) at a time (Dee 1911) when the osteomalacia had been complctcl) cured b> 
previous therapy She was studied for 12 days on a neutral ash diet for5 da\s 
on an acid ash regimen (neutral ash did plus 130 m ecj of ammonium chloride li) 
mouth per 21 hours) for 7 d-^ys back on tlic neutral nsh diet, and fuially for 0 
da)Ban an alkaline ash regimen (neutral ash diet plus 350 m cq of sodium lactate 
per 21 hour by mouth) Foraeonsidcrabicpcriodbcforc the onset of the in\esti 
gation and throughout tho entire investigation, the patient received 50 000 
units of vitamin D daily, this insured on adequate calcium absorption and pro 
eluded ail) changes in calcium mctaliolism resulting from lluctunlionsinthpullra 
violet light 111 theatmospherc OndaylT.tbelastda) of the ammonium chloride 
ailmmialration, the (nticat developed pain in her arms which is often the first 
8) mptoma of tho low potassium syndrorac aod for four da) s thereafter w-vs unable 
to cat all her diet this evplaina the decreased intakes during da)-8 IS through 21 

Serui t cMort le and $eruin COt content At the top of Fig 12G it will be seen 
that during the 12 da)s on tho neutral ash regimen the scrum chloride and serum 
COi content were within normal limits, that with the administration of ammo 
mum chloride the scrum chloride rose to a high level (112 ni eq ptr liter) and tl c 
COi content fell to a low level (13 0meq perlitcr), that during the control da)-3 
back on the neutral ash regimen these values returned to normal, and that fi 
iially, w ilh the administration of sodium lactate, there w as a further shfcht rise in 
CO> content 

ComparumoJS liJi unlh oeidity value oj aih intake Note In Fig 120 asm 





fig I2G experiment A, Cw No 23, KenatAei«Iost}i nnd Cured 
drome Comparison of thctficctof ft Xcutml Ash Uegimen with an AeiJ«V*h Het* 
men and an Alkaline Ash Regimen 

For discussion see text If rom AlbngM, Ilumelt, Parson, neifcnstem, and Ro« 
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Fjg 125, that tLe calcium component of tlteS B S i*« negligible throughout, that, 
asm Fig 125, theSBS has an appreciably positive value to olTsct the organic 

acids during the neutral ash regimen (see dajs 1 through 12) , that with the ad 
ministration of ammonium chloride the & B S does not rise as much as the acidity 
value of the intake wlileh makes a blood aeidosis a necessarj sequel, that with 
the omission of ammonium chloride the S B S continues high (days 18 through 
21) until the acidosis la dispelled (da\ 21) and, finally that with the adminis 
(ration of sodium lactate the S B S becomes a negative value but not quite so 
negative as the acidity of the regimen, presuniabU becaasc of the continued pres 
ence of organic acid in the unne Indeed, thcdiserepancy between Iheacidity of 
the regimens and the S B S is greater nitli the alkaline regimen than during the 
neutral regimen, this auj^sts an increase in organic acid evcrction during the 
alkaline regimen which is what one wrould expect The important point for the 
argument at hand however, is the (act that the S B S , while defimtely rising 
does not rise sufficiently to compensate (or the 130 m eq increase in acidity dur 
ing the fld/ninistmtion of ammonium chloride, thiaspeaks for an impaired tuhu 
lar function as liyqiothesizcd above In Fig 127 (aide infra) these data will be 
compared w ith those from a normal individual who received the same amount of 
ammonium chloride The ‘'normal individual” in Hg 123 rceeiicd 224 m cq 
ot ammonium chloride daily instead of 130 m cq so the data on him cannot be 
used in comparison 

Calcium inttahoUtm It will lie noted in Fig 125 that the calcium metabolism 
behaves in accordance with the haqiothcsis outlined above Thus during the 
neutral ash regimen (days 1 through 12) there is a large amount of calcium in the 
urine and a large negative calcium balance, with the ammonium chloruicadinm 
istration there is a sharp rise in the urinary calcium excretion , with the omission 
of ammonium chloride there is a return to the initial level of calcium excretion, 
and, finally with tlic administration of sodium lactate there is a definite fall in 
the urinary eulctura excretion As in Fig 125 the parallelism lietwecn the am 
monia and the calcium exerctiona in the urine should be noted 

Po(a*s*Mw mclahoUsm In the potassium nictabolwm data at the bottom of 
Fig 126 note that urinary excretion parallels the urinary calcium excretion very 
closely Thus, during the neutral regimen there is put -uisium equilibrium, with 
the administration of iimmoniurachloride there la a sharp increaso in the urinary 
potassium excretion and n fall in thcscrumpotnssium level, with cesaatum of the 
ammonium chloride adminialr vtion there is a lowering in the urinary potassium 
excretion, finally, with the administration of sodium lactate there ts a strongly 
{lositivc potassium balance and a ri«c in the serum potassium level The theo 
retical potassium balance, by which is meant the balance which one would calcu 
late on the assumption that the potassium balance is dependent on the amount of 
protoplasm (1 gm N'’«*27meq K)formcdordcstroycd,i3most instructive (sec 
dotted line) It will be noted that, with tlie administration of ammonium chlo 
rule, the actual potassium balance lieeomcastrongly ncgaliv e w hilc the theoretical 
balance remains unchanged This is an indication that the potassium loss during 
acidosis IS not due to deatruef ion of protoplasm It w ill Iw further noted that 
With the administration of sodium lactate there is a strongly positive actual po 
tassmmbalance while the theoretical potassmmbalanee remains essentially zero 

n Eijxnntenl DTcct of 130 mcq of Ammonium Chlonde Datl^ 
on Patient mth Renal AckIo«is Compared with DTect on a Normal In 
dnidual. 
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The thesis under investigation holds that the individual nith thisspecisl Ijpe 
of renal acidosis cannot compensate for an excess of acid in the intake m effee 
tively as a normal individual It was therefore important to8tud> an in llv^dual 
with renal acidosis and a normal individual under conditions as near!} the same 
as possible This was done and the data are shown m Fig 127 The data on 
the right side of Fig 127 arc Ihesamedataasshowiifordaj's 10 through 17 in Fig 
126(Caseho 23) Thcdalaoutheleftsidcof Iig 127 represent the correspon 1 
ing data for the normal individual IL C (M C H 43S193), a22 year ol 1 white 
male] Both individuals ate the same neutral ash diet except that the normal 
individual, having a somewhat greater energy output received 20 per cent extra 
of each component of the diet both individuals received 130 m cq ammonium 
chloride for five days Charted in Fig 127 arc three control days on the diet 
alone followed by five days of ammonium chloride administration The most 
important feature of the experiment concerns the changes in ammonia and (itrat 
able acidity minus COt as a result of the administration of ammonium chloride, 
whereas both individuals had a marked increase in both of these factors, m the 
normal individual the combined increase (IIS 6 m cq on fith day of ammonium 
chloride administration) almost offset the increase in acidity (130 m cq ) whereas 
in the patient with renal acidosis the combined increase (77 0 m eq ) on the 5th 
day of ammonium chloride administration fell far short of this Consequently, 
the serum chloride, COr content, and pit in the normal individual showci! no 
significant changes in tUo patient with renal acidosis on the other hand therr 
Was a marked rise in the serum chloride and n marked fall in the serum COt ron 
tent and in the serum pH The calcium excretion in the normal indivi luxi rose 
slightly , in the patient with renal aci losis it rose markedly Finalh , there was 
no change in urinary potassium excretion in the normal indiv idual, wl mis 1 1 en? 
Was a marked increase in the patient with renal aeidoeis accompanied by a fall in 
the serum potassium level 

Ctse No 25 Renal \ci(Josis, Kcplirocalnnosis, P^elonepliritw (Slaph 
ami B Coh), Clicmical-Ciatoomnhcia-^Vitliough High Phoiplnta'^, 
Decreased Stature 

A St P (MGli 31105S) asiogic woman of 28, entered the hospital on July 
15,1911 complamingof bilateral pain in the region of the kidneys, dysuna hema- 
turia, and the passage of gravel of about four months duration Frequency and 
nocturia had started about four years previously and she had first develojieJ 
bilateral flank pains one y car previously follow mg a cold 

In her past history • she had alway3 been rather sickly an I had had the usual 
childhood diseases including scarlet fever Of especial interest its it suggests a 
low serum potassium is the history of paralywia of the arms and legs of 3 d lys 
duration about 8 years previously which disnppearctlsponlancou'ly 

Physical examination was non eonlributory except for very short stature 
blood pressure was 130/SO 

Laboratory studies unne — slight albuminurin slight pyuria, byposthenuna 
(specific gravity I 010 during a concentration test), i hcnolsulphonphthalein ex 
crclion 10 per cent in 15 minutes and 10 per cent in one hour, unne culture 
Stapfiyheoecus aldus and B coh, scrum chenustry— calcium 9 7 mg pcrJrOre, 
phosphorus 2— lag per 100 cc , alkaline phosphatase 4^ Bodansky units COi 
combining power ISm eq perIitcr,chIon<lell7 0m cq pcrliter, protcinC Ogoo. 
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For discussion see lest. IFrom Aibnght, Burnett, Farson, nctfeastcin, anditoos 


METABOLIC BONE DISEASP OSTLOMAL.\CL\ 2)i 

proUiTombm time nomil, analj sis of thestoncs—stronglv positive test for phos 
phoriis and negative tests for uric acid and oxalate 

X rnjs showed generalized demineralization, jioor calcification of both ostc 
otomj calluses at loner ends of the femurs (^ee Fig 120B), bilateral nephrocal 
cinosis (secFig 115D),8lone3otlhe!owcrendoftberight ureter (seeFig 121 \) 
scoliosis of the spine, narron mg of the pelvis, coxa vara deformities of the upper 
ends ot the femora united but unealcified fractures m the pubic bone (see I-ig 
121 A), multiple similar fractures of Uienlts symmetrical fractures of thcsurgi 
cal necks of both humeri and moderatel) ncll preserved lamina dura 

The patient received large amounts of alkali (swbum citrate 1 tcaapooiiful 
4 limes dai]>), large amounts of vitamin D (circa 3 mg (120 000 units) of vitamin 
D*(lailv] andagondt) amount of calcium in the form of milk Hcrskeleton re 
sponded verj ncll (see Fig 121) and she nalkcil out of the hospital on lulj 2$, 
1913 approximatclj 4 months nftcr entering On ^farch 3 1945 the serum cal 
cium was 9 0 mg per 100 cc , the serum phosphorus 2 0 mg per 100 cc and the 
scrum alkaline phosphatase 3 5 Do<lansk> units 

Case No 27 Renal Acidosis, HviJokaligmicSintlroinc, ChcmiMl 0*1110 
miloxia 

The first tno admissions, in October and November of 1943 respectively, of 
J J F (M G H 4240^3), a married man of 40 nere to the Neurological Service 
for symptoms which were finally diagnosed bj Dr K P Bird on the second ad 
mission AS being due to by pokahcmia|secBronD,Curreiis andMarchand (19(1)) 
On October 13 1913 tno days before his first admi«vion, iho patient noted weak 
ness of his left leg with pain m the muscles, there nca also some back pain, on 
the folloning day his arms and legs became paralyzed— the left more than the 
right The symptoms ncre improved by prostigminc Neurologieesumination 
nas non contributory except for a Horner b sy ndromc on the right A lumbar 
puncture revealed no abnormalitiei in the spinal fluid The svmptoina rapidly 
cleared up after admiosion to the hospital and lie nos discharged nithout a 
definite diagnosis having been arrived at on Oclolwr 20 1913 He entered the 
hospital again with essentially the same symptoms and findings on November 
11, 19t3 

In his past history , he had had a penile lesion, a urethral discharge and an cpi 
didymitisal20, a traumatic hematuria at 25, ureteral colic with passage of gravel 
at 3S, and a recently acquired alcoholism with morning vomiting and loss of 
weight 

Physical examination w as non contributory except for the findings associated 
with hy pokahcmia His blood preosuro was 112/80 

Laboratory studies urine — moderate albuminuria, slight pyuria no glyco 
suria, marked hypcrcalcuna as shown In Sulkowitch tests fixation of pH at G-5 
to" 0, specific gravity of I 018 during a urine concentration test.pbenolsulpbon 
pbthalem excretion excellent (40 per cent excretion in the first 15 iniiiutca, SO 
per cent in 2 hours), serum levels (some of the following at a later date)— pot as 
Slum 2 5 m cq per liter (normal circa 5 m eq per liter), calcium S S mg per 
100 cc .phosphorus 2 7 ing | er iWcc .phospbataseS 5 Bodanskv units.siwlium 
1410mcq per liter, chloride 1100 m cq per liter, CO content IS S m cij per 
liter, total protein G 0 gm jk r 100 cc , non protein iiitri gen 24 mg per 100 cc , 
rod count 5 1 million, white count 9,"00 analysis of the calculi— aslrooKly pom 
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tive test for phosphate and a very weak lest for o\aUlc, repeated Bpecimens for 
unno culture— no organisms In the smear, Slnph iloeoecus on culture of most of 
the specimens, Ilinton test for 83rpliili5 nci^tivc, electrocardiograms— low T 
wave characteristic of hypokalitnua and a reversion to a normal tracing after 
the latter condition was corrected 

X rays showed normal density of the akefeton, bilateral renal calculi, and 
rather poor dye excretion by the kidney 

The diagnosis of renal acidosis resulting from tubular msufllcienej without 
glomerular insufficiency with a complicating hypokaliemia and possibly a 
pjcloncpliritis was made In addition he had chemical osteomalacia with high 
plifjsphatjisc Accordingly he ivaa started on one teaspoonful each ot aoJium 
citrate, pot*t&3iiinicitratc,andcaIcium gluconate dud} On this regimen thcpll 
of his urine rose to 7 5, the scrum COj content rose to normal and the scrum 
chloride fell to normal, the scrum phosphorus rose and the serum phosphatase 
fell calcium disappeared from ha urine, tl e albuminuria also disappeared 
Later, liccauae of the possibility of an underlying, low grade pveloncphntis 
he WHS given a course of penicillin therapy The unne culture became negative 
during this therap} buthterrcvcrlcdaoditisf{uestioriab}eir}ictlicrthistberj[i} 
had tiny permanent effect. Tollowing this course of therapj he was taken off 
alkali this was followed by another attack of hypokaliemia, a recurrence of 
h} pcrcalcuria aod slbuminurtt, and the passage of moroetonas The patient 
went back on alkali and these findings again cleared up 

Ca«io No 2S Renal Acidosis, Osteomalacia, IFyjjokaliSmja, NcpJirohfh 


Thepntient.Sf 13 (AfGIf 203?52),a8inglcgirlof?3,coteredtlieAfa«sachii 
setts General Hospital on the Arthritic Service in August, 1939, complsiniag of 
back trouble * She traced Iheonset of hcriltuess tonridein aroller coaster two 
years previously follow mg which she developed pain in her back The pain 
spread to her hips and she developed a limp She was not improved by therap> 
prescribed by a chiropractor, crutches were tried for 8 weeks without bencBt 
La ter she became very weak and lost weight 

Her past history was irrelevant except for passage of gra\el in her urine at the 

age of 10 

On physical examination the pertinent fiodiogs were undemulrition a stiff 
b ick which led to the diagnosis of spondylitis, and u blood pressure of 120/70 
Laboratory studies urine— albumen ++, specific gravity 1 001 to 1 012, 
pyuria urine culture — no growth, scrum chemistry— non protein nitrogen 
mg per 100 cc , calcium 9 7 and 10 1 mg j>cr 100 cc , phosphorus 23 and 2 2 mg 
per 100 cc , alkaline phosphatase 8 4 ond 9 2 Bodansky units, sodiuM 115 0 and 
142 0 mcq per liter, chloride 317 0 m eq per liter, COj combining power 20 0 
m eq per liter, protein 8 6 gm per 100 cc , red count 4 5 million, hemoglobin 
SO per cent of normal white count 7,200 

By X ray thespmc was remarkable only in that the dorsal spine was straight 
and that there was a slight scoliosis in the lumbar region, the right twelfth rib 


• The authors are indebted to Dr William Beckman for bringing this case to their 
attention and for permission to use it. 
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showed a transverse fracture line with cnllus formation (sec Fig 12S) , a similar 
fracture was present in (he right scapula (see Fig I28B) but was not noticed at 
the time, there were stones in the left kiiluej , an intra\cnou 3 pjclogram con 
firmed the stones in the left kulnej and showed a good functioning right kidne> 
and a rather poorlj functioning left kidnc} a retrograde pjclogram faded to 
show hjdronephrosia on the left 

ith the albuminuria pjuria high serum chloride lowserumCOj low serum 
phosphorus and high serum phosphatase itisnoweass inretro«pcct tomakc the 
diagnosis of osteomalacia secondary to renal acidosis 

This diagnosis however wasnot made and tic pitient »ns given three liters 



Fig 128 Case No 28 Renat Acidosia, Milkman s ‘'jinlrome \ ra> I ilma of 
beipula an 1 Kdw to Show P&eu lofracturca 

Note tr icture lines in nthl scipula and right twelfth rili (arrows) Note good 
lieii’itt} of h< nes in spite of florid osteomalacia (I roni Albright IJumett rirson, 
Reirenstein and Uous (lOtC)] 

of 6 per cent dextrose in norma! saline on September 4 a liter and one half of 
normal Saline on SeptmberS an 1 the same amount again on Scpteml^or 6 \s 
demonstrated by Ml right Coiisolaiio Cuomls Sulkowitch and Tall ott (lOjO) 
thelakitigof AflCI increases nnaci loaissuch&s this one sccon Jary to tuJ ulann 
sufficiency and to be sure, this patient's condition did grow rapidly wor«e On 
beptemlierO the record stales that “motionaiidstrcngthineMremiliesHnormal 
at times but patient complaiiw of great weakne*wi — oven piraly sis— much of t! e 
time .itgo^sontostatethatpjtjent eallsnunesiDcesAintJy tomoveherhead 
her arms or her legs These biiiurcaymptoms were almost certainly ductna 
Joiv serum potassium un/ortunalclj no potassium determination was made 
The followiiit day the patient became stuporous and was seen by Dr ttillmm 
Deckmaii who advised pirentcral alkali therapx but she died before this wns 
guen Thechemistry of her serum taken shortly before deathfil owed cMori Ic 
12Smcq per liter, COj combiningpower 13 0 m eq per liter, sodium 151 m cq 
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per liter, protein 8 gm per 100 cc , ealcramO mg per 100 cc , phosphorus 1 5 mg 
per 100 cc , and alkaline phosphatase 8 2 Bodansky units 

It 13 clear, therefore, that the acidosis had markedlj increased, presum 
ablj due to the saline jiHravenously It is not unlikely that the patient bad 
temunall} a very low scrum potassium level and that this accounted for the 
sjmptoms suggesting paralj'sis unfortunately, no potassium determination was 
done 

kutopsj shovicd nephrolithiasis, chronic pyelonephritis, parathjToid hjper 
plasia florid osteomalacia (see Ftg 129), and acute necrosis with question of 
infarction of the pons 



Fig 129 Case ho 2S, Renal \cidosis, Osteomalacia Photomicrograph of \er 
tobral Changes at Autopsy to Show Osteoid Scams 

hote that the trabeculae arc surrounded with osteoid (os) which prevents any cal 
cificd matna (c ra ) from reaching the surface (From Albright, Burnett, Parson, 
Reifenstem, and Roos (1916)] 

Since the kidney pathology is thought to be the primary factorinthcsyndrome 
under discussion {he kidney findings are report^ in more detail • Tlie right 
kidney weighed 275 gm and the left 150 gm , the capsules stripped with some 
difficulty, the cortices measured 5 mm in thickness, the pelves were negative 
tliere were two stones ly ing free in the ealices of tfie left kidney On microscopic 
examination the majority of the glomeruli seemed normal , where pathology w as 
present it varied from capsular thickening to complete fibrosis of the capillary 

* The authors are indebted to Dr Alaishall D Ruffin for the gross autopsy find 

mgs, and to Dr Ronald C SniffensodDr Beiyamm Castleman for the microscopic 

findings in the kidneys 
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tuft ITio tubules were damaBed most severely in iLeir proTimsI and distal 
convoluted portions the cells of the convoluted loops vs ere swollen finch gnnu 
lar, and contained vacuoles and an ocemional hvnlinc droplet in the c> toplasm 
There were a few larte groups of dilated tiilmlea lined with atrophic epitheliuni 
and filled with so called 'colloid casta’ — findings cbsrartenstic of chronic or 
healed pjelonephntis The interstitial tissues showed patchj infiltration with 
polymorphonuclear neutroplutes and eosinophilcs IvTnphocj'tes and plasma 
cells The blood \c<«5ela were not remarkable except for an occasional thickened 
artenole The roost impressive change was the vacuolization m the convoluted 
tubules cspecnilj the dist il portions which because of its extreme degree and 
the accompanjmg graiiularitj was thought not to be a post mortem change 
The latter could not dcfinitel) be ruled out 

(F) liennl Acftlosts 0/ the Fancont fsyndrome lypp Amnithabeks*’, 
Hyper amtnoactduna 

Tlie authors hat e had no personal o\|)enoncc with 1 \te rickets or o'^tco 
maldcn resulting from the Fancont sjndromc their remarks are hasetl 
largely on the excellent rcNiew bj AfcCunc, Mason and Chrkc (10 H) 
and a few of the koj papers 

Fancont (103G) described a s>ndiome thanictcnzcd b> an Jicreditarj 
tendency often accompanied by a family liMorj of con-sangumitj, im 
paired growth beginning at an carlj age, nekets, albuminuria renal 
gljcosuna, a porsistontlj alkaline rciction to the urine, an increase of 
orginic acids, ammonia, phosphorus and calcium in the urine, a marked 
h>popho8phatcnua without hj percalccmu a lowering of the blood bicar 
bonatc without azotemia, and dcgcncrititc changes in the renal tubular 
epithelium Fancont acr> astulclj asenbed the condition to an anomih 
of the structure and function of the tubular portion of the kidnejs wherebj 
the tubular cpithihum faiU to rcsorb certain sohitci from the glomenilar 
filtrate Ihts interpretation has been gcnerdJv accepted bj hter investi 
gitors, notablj McCune, Mason and Clarke (1913), wlio have furtlicr 
cxtcnilcd It, albeit m a somewhat modified form (tide i«/rn) The latter 
authors confirmed the high cvcrcfion of organic acids and found that 82 
per cent were ammo acids, 11 per cent lactic acid, and seven per cent beta 
liydro\jbut>nc atid The renal glycosuria, the lijTier iminoiciduna, and 
the hjpcrphosphaturiv with resulting hypophosphatemia, thej expUm on 
decreased reabsorjition in (he (uhiilo, (liev go on to point out that, ' m 
asmuch as the absorption of dextrose 13 mcdiatoil through the formation 
of phosphate esters such an assumption supplies a sjiecuUtivc nexus be 
twex^n tile gljcosuna and the hvpcrphospliatuna” As mother possible 
cause for the iij perphosphaluna, McCunc, ^fason and Clarke (1913} 
mention a secondarj lij*pcrparathyro«lism (tide ni/m) The nekets, of 
course, thev asenbe to tlic lijiKiphosplialemii be its cau«e what it will 
The excels of botahjdroxjimtjnc acid in the unne thej explain bj the 



258 TUE PULiTflYROID GE.\VDS AND METABOLIC BONE DISE-VSE 


f ‘3 poglj cemia resulting from the renal glicosuna ranconi (194G) at 
tributes the hjiier aminoaciduria to a di*>tur!>od oNidatue deamination in 
general, so that besides ammo acids there are found m excess also amines, 
to the presence of the latter m the urme he asenbes the alkalinitj Holi- 
er er, an alkalme unne, one of the features of Fanconi s case^, lias not Ixien 
a constant finding m subsequent cases Fanconi suggested the name, 
‘ ammdiabctes” 

Beumcr and ^\epler (1937) pointed out the similantv m manj respett-* 
betnoen the Fancom sjTidrome and c^stmosis, and suggested a common 
or related etioJogj This nas confiimcd at autopsj }» Fmion; (IDtli) 
for one of his eves A detailed report of the autop‘<-> uas publidicil b\ 
Looker (1944) together with an analj'.K of ten cases from the literature 
He found cjstme deposits in almost all oi^ans — -notably I^miph node* 
spleen Iner, and kidnejs Ihe^ deposits were mostly m the reticulo- 
endothelial svstem lie pointed out tliat hi and large, cases wth cvstinc 
deposits do not Inxo cv'stmuna and xaceaersa Deposits occur onlj when 
there is a combination of a pnmar> disturbance in c\stine metabolism 
plus a secondarj inabiLtj on the part of the kidnej to cxcrctc it The 
presence of cjstine deposits (c>slino«i3) can readil> be dcmonstraterl !« 
sternal puncture 

The pathologic ph\ siolog} of the disturbed ammo acid metabolism m 
an adult patient with a disorder most suggc«tne of an adult form of the 
Fancom syndrome was clanfied bj the studies of Dent (1940) in which he 
employed a new method (partition chromalograpln on paper) of idcntifi 
mg and roughl) quantitating ammo acids and other related substances in 
urme His studies were carried out on a man of 34 wath *:kcletal "tx-mptoms 
who “showed bj \ raj psiudofraclures and the characteristic skeletal 
deformities of osteomalacia Important laboratorj findings were gh 
cosuna without hj'perglj cemia elcxatwl ammonia nitrogen coefiicicnl of 
urme, elevated alkaline pho«phata«c level in the “^ermn, normal «cmm 
calcium level (11^ mg per cent), low phsma inorganic pho-phoiU'* level 
(18 mg per cent), and normal *eruin ammo nitrogen level 1131110 under 
observation the patient developed portal obstruction due to an imdcrljmg 
cirrho^i') which eventuallj led to his death \t autopsj no cj'tine was 
foimd m any of his organs 

Dent obsened that the blood level of ammo acids was not elevated but 
tliat the renal tlireahold for ammo aculs was lowered As a result exces 


sive amounts of ammo acids appeared in the urme (orca 1000 mg ammo 
acid nitrogen per 24 hours) and caused a high ratio of ammo acid nitrogen 
to total nitrogen m the urme (circo 10 per cent, normal 1-2 per cent) The 
h)"per ammoaciduna w as mdependent of the protein intake and the clmical 
state of the patient It bore a direct relationship to the glj co-nina but 
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not to the pho«phatum AKo as a resiJt of the lonered threshold, ammo 
acids normallj present in blood escaped into the imne in sufiicient quanti- 
ties to bo identified Thus, all of tilt 20 common ammo acids occurring 
m protein except trjptopliano and Ijsmc, sex oral uncommon ammo acids 
meluding citrullme and a ammo n butj nc acid, and a peptide (eor} 1 glj cl 
gljeino) Mere found at one time or another IIo did find, hoMCxer, that 
the excretion of the ammo acids containing hjdrox>I groups (senne, thre 
onme scr> 1 gl.\ cl gl> cint, and tyrosine) xxas mcrcased out of proportion 
(o tint of the other ammo acids The excretion of cj'stmc x\as not cx- 
ccssn e 

Dent differentiates tuo forms of hyperaminoaciduria “oxerflou’ (as 
in acute jelloxv atrophj), and ‘renal’ (as in the Fanconi sxndromo) 
In the first the blood amino acid lex els are high and the renal ammo acid 
threshold is normal, in the second the blood lexels are normal and the renal 
thieshold is loM 

In summary , there seem to be sex cnl different patterns to the disordered 
ammo acid metabolism m late nehets or osteomalacia of the Fanconi 
sxmdrome tjpe.furtliermore, these different patterns tend to blend more or 
lcM> with one another Thus, there ma> be hjper aminoaciduna without 
i disproportionate increase m cystme in the unne and without cjstinc 
deposits (Dent’s case and McCunc, Mason, and Clarhc’s case), then, there 
maj be cystmuria without cystme deposits and cjstinc deposits without 
cj stmuria, both with more or less hj per aminoaciduna m general 

The subject is further comphcatc<l by ‘ hercditarj c>stinuna” where one 
finds renal calculi of pure c>stmc and marked cystmuria but no rickets 
Dent (1940) has studied the urinary ammo acid partitions m three such 
ca-ies and found, m addition to the increased cystme, large amounts of ar 
gmino and citrulImc, but no incrca'o m the two ammo acids xxhich nor- 
mally appear m the urine (glycine and alxnme) Tho presence of ammo 
auds otlier tlian cystme in excess in the unne m this condition lias been 
confirmed by Dr rredenc C Bartter m our laboratory It is quite clear, 
therefore, that the derangement m amino acid metabolism mxohes sexxral 
ammo acids other than cystine the latter has come into prominence only 
bocnu«!o of its insolubility nliich leads to calculi fonnation in the urinary 
passageways or deposits m the tissues 

It would appear tliat the liibular acidosis asscicialcd with the Fanconi 
syndrome is eutircly different from tlic tubular acidosis discusset! in tho 
preceding section Thus, in the Fanconi syndrome the acidosis max bo 
<luo to mcreosotl unnary excretion of base secondary to the uicroased uri- 
nary excretion of organic acid, in tbo other syndrome the acido is is due, to 
a dccrcascil ability of the kidneys to make ammonia and to excrete an acid 
unno lliereforo, one would expect increased organic acids, increased 
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ammonia and increa'sed titratable aciditj m the unne m the Fanconi gMi 
drome, normal amounts of oi^ganic acids, decreased ammoma and de 
creased titratable acidity in the unne in the sjmdrome discussed m the 
precedmg section, and an mcreased calcnun in the urme m both syrndromes. 
In Table G a corapartson is made between the findings in Case No 24 and 
those m the case reporte<l by AIcCune, Mason, and Clarke (1913) It 
w ill be seen that the findings were as expected 
iVs discussed abo\e, McCiine, Mason and Claike (1943) interpret the 
data to indicate diminished abihty of the tabular epithelium to re«orb 
dextrose, ammo acids, and phospliates, but point out as an alternative 
possibilitj that the hyperphosphatuna ma} be the re-^ult of a secondarj 
liyperparathj roidi'-m In Fig 130 is depicted a possible interpretation of 
the inter relationships in the disordered homeostasis m the Fanconi sj-n 

TABLE 6 


Findings la Case A’^o Si seilh Renat Aadosis Resulting from Tubular Insufficieneg 
11 illiOKl Glomerular Insufietenc}/ Conlrasled with Findings of Patient trilft Fanconi 
Syndrome Reported by VeCune, Ifaion, and Clarke U9iS) 
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24 
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drome. Fig 130 is to be compared mth Fig 117, p 232, a sumlar diagram 
for the other tj-pc of renal acidosis leading to late rickets or osteomalacia 
In Fig 130 the hyperphosphatuna is asenbed to a secondary hvp^rpara 
thyroidism although the first explanation of McCune, Mason, and Cbrkc 
has much to recommend it 

As regirds treatment, McCune, Mason, and Clarke came to no definite 
conclusion The authors would anticipate that the osseous disorders w oulJ 
respond to the same measures as used for the other type of renal acidosis, 
nameli , alkali, plus high calcium intake, plus vitamin D For theoretical 
reasons, a y ery high phosphate mtake should be tned 

(G) Osleotnalacia Resulting from Hypercalcitrta intAoi/t Hi/percalcemta 
and IVtlhoul Renal Aadosts (f'ldiopalktc Hypercalcuna ' ) 

There seems to be a not inconsiderable number of cases y\ herein the 
primary defect m metabolism is a propensity on the part of the kiclnej’s to 
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excrete an increa'^ed amount of caleium for anj gi\en le\el of calcium m the 
sonun Such, to be sure, is the finding jn tho<;e ca.ses sccondarj to renal 
acidosis (tide stipra) IIo\\e\cr,the cases under discussion do not haxe an 
acidosis, and the calcium excretion in the urme, in contrast to tho finding 
in cases wth acidosis, is not decreased by alkali thorapx («ee Tig 11], p 
220) The sequence of ex ents m the disordered homeostasis is the same ns 
in xitamin D lack (see Tig 65, p 133) except that the first step, instead of 
being decrc^sc(l calcium absorption, is mcrea'swl'calcmm-excretion, the 
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Fig 130 Diagram of Disordered Ilomcostaais m Fancom Syndrome 
Compare tnlh Fg 117 II rora Atbnglit Burnett Parson Reifcn'itein and Roos 
(lOtG)] 

second step m both sequences is the same, tcmlcncj to low scnim-calcmra 
lex cl As one might anticipate, the increased eticium excretion m tlio 
unne fax ors kidnc> stone formation and it is m the Stone Cbmc that most 
of these eases are found Indeed, of the following four metabolic disorders 
leading to increasc<l unnarj calnum excretion— Iij-pcrparatliiroidism 
osteoporosis during the stage of progresMon, ron d acidosis, and idiopathic 
hj pcrcalciina , it is the last of thC'C nhich is probahlj the most common and 
accounts for the finding of TJocks Uiat l»T>ercalciiri i jsxcij common 
m pitients wntli kidnej stones Texx cases procecil to a greater degree 
of osteomalacia than “chemical-ostcomnlocia walhout Iiigli phosplutasc 
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But the authors ln\ e one ca’^c with kidoc> stones w ho has ‘ chemical-osteo- 
malacia ^vlth lugh phosphatase” and one ca«e, other than tho one whose 
data are presented m Fig 111 p 220 who has out and-out-o'-teomalam 
Tfie bone condition responds to a high calcium high Mtamm D rcgimcn 
often howeaer, tins is contra indicated because of the nephrolithiasis 
Manj of Uieso cases ha\e or haae had Slaphylococcus pj elonophntis 
whether this is the cause or the result of the condition has not act been 
established Mention has already been made (see p 34) of the occasional 
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occurrence of hvpercalcuna in the presence of a low scrum calcium lei el in 
patients vnlh hj'popaTathjroidism and unnarj cocal infections 

(H) Oskomalaaa FoUoicing Itcmoial of ParathyToid Tumor ui Osfcili-t 
Fibrosa Generaltsata 

Tins transient and rare, but academtcallj interesting form of oslco 
malacia has been discussed m Chapter 3 (sec p 104) 

DIFFERiJsTLaL DUONOSIS OP ETIOtOCiaiL SUB-GnOUPS OF 
OtoTEO^LM-aCU. 

Tho points m the differential diagno is of thosc^en causes for osteomalacia 
discussed m tins Chapter are shown in tabular form m Table 7 



CIIAPIER 8 


POLYOSTOTIC FIBROUS DYSPLVSIA (OSTKITIS 
riBROSA DISSEMIN VTA) 
r xfoicBro 

In the first communication from this clinic lAlbnght, Butler, Himpton, 
and Smith (1937)] on thi^s bizarre s\mtlromo, its triad of abnormalities was 
listtd as follows “(A) bone lesions uhich ln\e a marked tcndcnc\ to l>c 
unilateral and which show osteitis fibrosa on lustologic evammalion (B) 
brown non ele\ated pigmented areas of the skm whicli tend to be on the 
same side as the bone lesions, and (C) an endocrine dj ''function which m 
females is nssociated with precocioiia piibertj ’ 

(A) 5/ cletal Van»/cs/a/io»w 

The vKeletal abnormalities are spottj in distribution and con^j^t of mul 
tiplt locahaed lesions with nonml bone cI'«nhero In many uislanccs 
they show a tendoncj to lie unihtcrol, m almost all tliej arc pcgraenlid m 
tkir grouping Thus, thoj mil mtohe multiple bones m one e\trcmit\ 
or one digit, and cntirol) tni«s the other cxtromitj or another digit (roo 
Tig 131 and 132) There arc certain sites of predilection, the occiput, the 
metartar^'iU and metactrpals, the phalanges, the upper end^ of the femora 
and tlio tibiae On the other hand, the cpiplij^es of the phalmges, meta 
tanals, and metacarpaU usuallj, but not alwaj’s, escape m\ol\cnicnt (■«> 
Fig 133) The mo'it common grouping comprises imilatoral in\ oh emrnt 
of one leg with lesions of the ihum, of the head and nock of the femur, of 
the tibia, and of the metatarsals and phalanges of one or tw o loos (•'Oo F ig 
134) 

The roentgenograpliic appearance of the bone legions is onlj supcrficialh 
suggc'itne of that seen m hc'perpamthjroidi'-m An important difTcrenco 
IS the prc'cncc of lesions of incrcaMxl donsitj m addition to the areas of 
decreased densitj (<oo Fig 135) The base of the skull is cspcciallj prone 
tobexerj den'-o and hjpcrostotic (secFig 136) , thi'. maj lead to propto'is 
of one or both ejes A marked prominence m the region of the occiput 
has been observed in scxoml cases* (see Fig 137 A and B) There is no 
generalized dccah ifintion and the lamina dura, if not dircctb mxoKcd in 
a bone lesion, should be mtacl 

Pathological fractures are common and iisuilh heal well The upper 
ends of the femom, when mxohed, usualh result in outward bowing (the 
“shcplierd-crook deformitv ”, *<0 Fig 14 >), this leads to a bad meih imr tl 
set up with rccumng fricturcs and p^cmloirthro'es and constitutes one 
S63 
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of the most troubIe<'ome compJications of the sjTidronie (‘?ee Fig 144 A 
B,C) 

The in\ oh ed bones, on histological examination, show the charactcnstic 
findmgs of osteitis fibrosa (see Fig 138) except that one occasionally finds 
islands of cartilage (‘^ee Fig 139) In some cases it is quite clear that these 
islands haxe arisen from epiphj seal cartilage (see Fig 139A) Thissu^est«, 
of course, that the syndrome has «ome of the elements of a dvschondro 



Fig 131 Distribution of Done Lesions in s Case (\I G H 3oS005) of Poljoslolic 
Fibrous D}-«plasia 

Note that Ml fingers of right hand ese-i pc involvement while all fingers of left hind 
are involved eveept for the index finger which entirely escapes (cf Fig 132) (From 
Albright, Butler, Hampton, and Smith (1D3<)1 

plasia that this is not the entire explanation is shown bj the fact that the 
\ aults of the 'ikull, membranous bones are x erj often jn\ oI\ cd 

In tho'^ female patients who dexclop precocious pubertj (nde tnfra) 
the bone age is hkewT^e precocious 

(B) Cutaneous Pif/mentatton 

The «econd feature of the ^ndrome is the pigmentation This consists 
of small or large, irregular cafi-au lail areas which haxe a segmental di"^ 
tnbution rouglil) similar to tliat of the bone Ie>ions In one case the 




Fig l'?2 \ llfi\ Film of the linn h of a C*!?® (M G 11 SSSflO^) of Foljostotjc 
Ijbrous Dj-splasm to Show DjstnbuliOn of Done LV'^ian'i 

jSote that itonr^ of all finders of lie n^lil han 1 are normal whereas Iwnfw of nil 
finRont of the left hand arc m\olvcd cxcojjI for tho^eof ll e index finper ahich e«ca|>M 
entirely (tf Fip J31) {fromAUmpht Butler lliunpton an 1 ‘'mith {1937)) 
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mucous membranes of the mouth were also in\ohed The pigmentation 
tends to be lighter in color than that ‘^cen in neurofibromatosis, furthermore, 
the edges of the areas of pigmentation are less regular tlian m that di^a^e 
thus, m our cimic we differentiate, acconliog to their contours, two tj-pe^ 
of pigmentation, \iz ‘ coast-of Maine” pigmentation found m the sjti 



Fig 133 Poljostotic Iihrous Dj-splasia \ raj Fil;n o( Hand to Show Bone 
I^ions 

Note that all bones are jiiTolvcd except cpiphj’ses and carpal bones (Patient 
A C Children s Hospital 177569) 


drome under discuosion and the ^ coast-of -California” pigmentation ol 
neurofibromatosis (<5ee Fig 140 and 142) The pigment is melaiun 


(C) Sexual Precocity tn Females 

Female patients \vith tins sjoidrome often exhibit sexual precocitj For 
example, the catamenia «as catabhshed before the age of one m a case 
studied bj the authors and the menses were ‘‘till regular at 54 
0 R G.MGH 353117, of Albnght, Butler Hampton, and Smith (1937)1 
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ith this sexual precocitj thero is an a'ssociated skeletal and somatic pre 
cocitj Thus during childliood these patients grott rapidly and arc Urge 
for their chronological ages howeaer, b^ausc of early closure of the cpiph 
yscs, thej usually end bj being rather short No consi-stcnt abnormaliU 
in gonadal function has been elicited in tho male patients 



Iig 131 Pol>ostotic Fibrous Dysplasia Dngram Sliowing Distribution of Bone 
I csions 

This figure slions distribution of bone lesions on patient M M (.see ! ig Ut) 
Note typical distribution of lesions in right leg (cf Fig UC) 

lit perthj roidism ttas present m the case of McCuno and Batch (1937) 
ind has been present in repeated subsequent cases (see Case No 29, p 27b) 

II rtTIlOLOOIC PHYSIOLOGY 
(V) A^aturcoJ Bmlocnne Z)i»fiiri«ncc 

In the authors’ opinion the onset of pulKirtj h normullj the ro'-ult of 
llic release of gon idotropjc hormone or hormones from the antenor jnlui 
larj , this release, in turn, la due to stimuli coming o\er the hjpolhalamic 
pttuilar\ nervous humonvl patUwaj Bv ‘true prccocitj ’ the authors 
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mean the earl> release from the pituitary of the gonadotrophic hormone or 
hormones as the result of some disorder m the releasing mechanism This 
IS to be differentiated from precocitj seeonflar\ to a iunctiomn^ adcnomi 
of some gland whieli produces gonadal or gonadal like hormones, eg 



Ilg 13o N. raj Film of Knees of Patient with Pohostotic Fibrous Dj'spl'Wi® 
(M G H 3oS09o} to Show Increased Undostial Bone Formation as well as Decalcili 
cation of Leg BTiich Is the More InTOlved 


[From Albnght Butler, Hampton and '^nuth (1937)] 

granulosa cell tumor of the o\arv producing estnn, adrenal cortical tumor 
producing androgen, d cetera 

According to this definition precocit3 m this sjTidromc is true prccocdt 
Tluis ca«e 0 R G discus««d abote who had her fir«t catamenia during 
the first 5 ear of life and t\ho was still hating periods at the age of W "'as 
able, in spite of this marked aberratiwi from the normal to lia\e normal 
twns and one later child in addition To be sure, at the autopsj at the 
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age of 6J jcars m case 3 of this eamo «<*nes, Dr H r^iwani MacAIalion 
found no e\udonce such as recent or old corpora Jutea fJnt o^TiIafion had 
e\er occurred, and Sternberg and Joacph (1912) reported similar findings 
m their case who ivasautopsied at U»e age of IS^ears, therefore if these two 
cases are to be considered as evamples of true precocitj , one must exclude 
ovulation as a sine qua non for true precocity and include an> precocit> 
which IS mediated through the hjiiolltalamus It would be interesting to 
know whether these two children would have started to ovailate at the 
normal age for pubertj 

That the prccocilj is the result of some lesion in the region of the hj'po 
tlialamiis receives support from the abov e mcntionc<l autopsy hj Dr H 
Edward Mac^ilahon This patient who had had her first menstrual period 
f efore the age of one w is found to liavc a marked diminution in the size 
of one niammillarj bodj and an extra nucleus m the adjacent tissue On 
the other hand Sternberg and Joseph (19-12) failed to find any lesions m 
the hj pothalamus m their case but did find marked hyperplasia of the basn 
phile rolls of thcpUuitarj 1 his 8ua;osts that these cells were being stimu 
lated by some influence posoibly a disturbantc ongmalmg m the hjpo 
t)i ihmiis 

It IS of interest that no case of this s>'ndromc with marked «o\ual pro 
eocjty )ias heen described in the male Furthermore tumors in the region 
of the pineal bodj cause precocitj only m males — llic Ro-callcd pineal 
Bjiidrome' App vrentlj the metliamsm w hich releases puborlj m the male 
is different from that which releases it in the fem vie In the first public v 
tion from this dime on this avndrome, an attempt was mule to explim 
this discrep^uicy between males and females on the ground that whereas 
the follicle-stimulating hormone (TSII) of the nntenor pituitarj leads to 
estrogen formation m the female the lulcmizmg hormone (I II) of the 
anterior pitmtarj lea<ls to androgen formation m the male It seemed pos 
Bible that because of some h\ potiial imic disturbanto there is precocious 
release of FSII but not of LH with resulting production of estrogen m the 
female liut not of androgen m the male 

Two ca«ios were cited m the first publication from Ibis clinic in which 
individuals affiirtecJ with this sjTidnimc gave birth to twin? ESII is the 
one hormone w hicli m excess thcorcticallj might Ic vd to multiple ovailalions 
But t!io evidence from urinarj aa-vijs of FSII sjieaks onij for earlj proiluc 
tion not for excess proiluction of this hormone tims cases },2,an(l Sot the 
Massachusetts General Hospital senes all three of vvhom had marked pro 
cocitj , failed to show an mcrease of FSII m the unne bj a mcthotl then 
being used wluch is onlj good for dcmonstmting too nuuh more recent 
studies on a female patient I3fS jear. old who had her first monstnul 
penod at tlie ago of f>, showed an FSII excretion po'^itiv c for 13 and neg itiv c 
for 90 mouvi units per 21 hours a normal finding for a normal adult 
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(B) b ndtrfying Kalure of the Syndrome 
The tnid of feature^ — bone chinges, pjgmenfafjon, precociti lo /e- 
mal(N— which go to make tip this bizarre is>-ndrome is a challenge to tho«e 
who like to relate one feature of a smdrome to another Ihe regional 
distribution of the skin and bone legions rules out a metabolic or endocrine 
caU5e and strongly suggests a neurologic or erabrjologic explanation The 



Fig 13C Case No 2a Polvoatotic Fibrous D^5pIasla \ niT Film of Skull lo 
Illuslrate Denseness of Uones at Bise 


precocity, as pointed out abo\c, mat well be on a neuro-humeral ba'i-'- 
Thus the one common denominator wlucb might fit all three features of 
the ^jndrome is some widespread neurologic di-turbance* Thi'i htpo- 

• There js in alternative eTplaBalionsopgestetl b\ Tliannhauser (IWl) which can 
not be dismissed He would explain the precoatv on the basis of pressure on the 
hvpothalamussecondarj to the ovci^rowthof bone at the baseof tbe*WuU Itseems 
just possible that the changes m the manuniilarv boJv found at autopsi w ra»f S of 
the M G H senes (pi<fe tupra) might } e the result of longstamhng pressure on tins 
region Vmh the exception of raee Snf tbeM CJl senes who had marked precocitv 
hut no definite thickening at the base of the skull bj x raj , it does appear that most 
of the cases of prccoeitj <lid hat e conaiderable x mj ev idence of ov ergrowth of bone 
at the base of the skull 




Fig 13" \ ray Films of Skulls of Tlirpe Faljcnts will Polyostotic Iibrous D^*s 
{ilasia to Slioir Denseness nnd Oi ergroirth of Bo«e 

Note nnrkctl ilcnaily at base of skull (V) an I skull (B) (s«?c also Fig 13C), note 
marked oNcrgrovth of bone in occipital region of ekull (C) and to a le«s extent in 
8kuII(A)(secalsoFig 145) (V)n W MGIf 85619, (B)A C , Cl ildrcn a Hospital 
insca, (C) P n , M G II 214900 {From Vlbrigbt (l94Tb)l 
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thesis IS supported bj the fact that scleral of the cases ^\ith a marked de- 
gree of m\ohement ha^e been iDentaII> deficient Moreover, Albnght 
Sco\nlle and Sulkoi\itch (1938) found an ab^nt abdominal reflex and 





Fig 13S Polj ostotic Fibrous Di'splasia Photonuerographof Bone B opsy 
(A) Note fibrosis (c) man> osteoblists (b) an 1 man} osteoclasts (a) note fur 
thermore that trabeculae (d) do not ehon mosaic structure characteristic of Paget s 
Disease (see Fig It'A p 2SSb) 

(D) Note island of cartdage (f) Compare w-itb Fig 139 Patient AC Cb 1 
drens Hosp fal IToCS (From Albnght (IdfTb)/ 


an ab«ent cremasteric reflex on the same Bide as the pigment changes in 
the skin m one of these cases 

(C) Incompicle Ca«c« of Oic Syndrome 
The most severe cases usuall\ present all three features Ilotre^tr, it 
not unusual to find cases ttliero one or two of the features are uig 
Thus cafe-aii lail birth marks are so common they Iianll> attract atten 
tion, and mo«t often occur \rithout the other tno features. Bone lesions 
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m e\ery ^sa} tj'pjcal of this comiitto&ean be found mthoutshin lesions and 
w ilhout precocity m fcm-iles Kurzrok (1037) rcjiorted a ca^e of precocitj 
with areas of pigmentation m whom bone le«ions were not retognize<l though 
they were not particularly looked for 


JU DIFFi^EVn^I, DIAGNOSIS 

There are three conditions to be considered m differential diagno'sis 
hyperparathyroidism with o-^teitis fibrosa genenhsata, lipoid grinulo 



Fig 139 Poljostotic I ibrous Dyspljisia \ ra> Film of tl c Forearm to SI ow 
T1 at Some Done ILesions 5Iaj De the Jtesult of a P^'sehondroplosin 

Note marked irrcgularit) of epiphyseal cartilage (A) which strongly suggests tl at 
islands of cartilage are I eing incorporated m tl odiap) ysis (13) represents such an 
island PUientA C , Children s Hospital 177509 {From \U right (19t7b)l 

malohis (eosinophilic granuloma, Hand-SchOller Chn'>tian’sdL-sea'<J,\antho 
matosis), and %on Reckhnghati'>ni’8 neurofibromatosis 
Tlie features winch serte to di-stinguish the syndrome from hvjxirpara 
thy roidism hat e been discussed under that condition (see p 90) 

The following features serve to distingui-h the syndrome from lipoid 
grunulomatosib the bone lesions sliow only a slight tendency to progress, 
never clear up spontaneouslv , and arc not r-idio sensitive, by x ray one 
secs mcreasetl bone dcn'sity as well as treas of bone rc'orplion (see Tig 
135 and 130), the bone lesions tend lo be ‘egmental in distribution, the 
scrum pho 8 phata ‘^2 is high in adv mood cases, finally , the setna! preewitv 
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I IK HO I’lgTTicntnlii n in Npurofilir^nuitfms ContrulPil with Thnt m I’olyoslotic Til rt iis Dys] Inmn, 

Note coast of MnitiP contour of arc is of |»iiinctitntion m (\) nsopponil to 'const of Cnliforiim nnfour in (IJ) Inci- 
dciitiillj, note suhnitnncous noJiilcs in (n) an I tlitir al senco m(\) (a) A K.MOU 20700 \villi pilyost jiic fibroLs .lysplium 

(It) D M O II 3()310S viitli noiirofil roniat in a [I rom All right (19t7b)) 
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Ttc 141 Bone LcaJoos in Neurobbrom ito^ui 
These lUustrnto the nnrkcd Icndenej for bone lesioa'* to occur in lower ends of 
/emori and upper en Is of tdnnc In (Q) note s> mnietrical lesions in upper ends of 
both tibiae nnd similar lesion in loner end of right femur, in lalcrnl aien of right 
femur note that lesion IS from without jn (V)J II , M G II 401639, (B> C U L, 
anele\en year oldscl ool girl nilh ncurolibroroatoais reported lij Gorham, Campbell, 
Jloirnrd, Donliaasor, and Huso (10J2>, <C) F F.MGII I700®0 jlrom Albright 
(I9l7b)l 


111 females and the areas of pigment ition arc not features of lipoid granulo 
matosis 
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The folIouTBg points ilifferentjate the sj-ndrome from neurofibromatosis 
the absence of multiple cutaneous fibromata, the absence of a familj histor> 
of a similar condition, the «exual preeocitj in females although sexual 
precocity m males occasionally occurs m neurofibromatosis as the result of 
a neurofibroma m the region of the hjpothalamus (pineal sj-ndrome), 
the presence of extensn c bone lesions as opposed to a feu scattered legions 
m neurofibromatosis, the presence of bone lesions which show increased 
density by k raj , the marked tendencj for the bone lesions m neurofibro. 
matosis to be confined to certain areas of predilection cspeciallj the lower 
ends of the femora, the upper ends of the tibiae («ee Fig 141), the fact that 
the areas of cutaneous pigmentation in neurofibromato'sis usuaJIj ba%o 
smooth edges like the coast of Cabfomia rather than wa\’j edges hke the 
coast of Jfaine (see Fig NO and 142), and, finallj , the absence of elephanli 
asis, a common finding m neurofibromatosis 

n TVPICAL CASE HkTOR^ 

Case No 29 Poljostotic Fibrous Djsplasia 

The patient b K , was seen in consultation m Janusrj 1045 st the asc of 13 
jears and 10 mooths She was referred b> Dr A H Ivallet of Syracuse Neu 
York Shebadpreviousl) been thoroughlj studied and diagnosed at the Harriet 
Lane Hospital Baltimore, b> Dr Lawson IMlktns who kmdly made hu findings 
available to us 

Except for areas of cutaneous pigmentation which were noted at birth or 
within the fifst four weeks t here was nothing part leularlv abnormal in t he historj 
until the age of six At that time nurkeil hj-perpljsia of the nasal mucosa re 
suited in nasal obstruction and necessitated several local operations by Dr Carle 
ton \\ Bullard of Albany, New \ork about the same time (BJ years) her 
breasts began to develop and pubic liair began to appear AtTjesrsundImonth 
she had her first menstrual period Her menstrual periods were extremely irreg 
ular and were not oasociated with cramps IVhen seen on January 15, J£H3 «he 
had been flowing since the preceding October 4lh The areas of pigroentntioa 
had not changed since the first few weeks of life 

In 1&12 because of a goiter, tachycardia andahighbisal metabolic rate (plus 
40), the diagnosis of hyperthtroidram was made, she received Lugol a SolaUon 
for 10 days during which her basal metalwlic rale fell to plus 20, then Dr Alfred 
K Bates of Albany , Aew "iork performed a hemi thyroidectomy The patbo 
logical diagnosis was colloid goiter It must be remembered, how ever, that she 
had received lodme before operation The patient improied so much that the 
other lobe was never removed 

On physical examination {January 1945) her forehead was promment (wFijt 
142) due to increased thickness of the bones at the base of tl e skull (see Fig 136), 
a quite characteristic picture presented by patients with this sy ndromc Her 
breasts were moderately well developed (sec Fig 142k) 'ihe had a modertle 
grow th of pubic hair and some axillary hair She had cbaractrristic coast of 

Maine ’areasofbrownpigmentationalniost confined to the nglil side of 1 erlx'd' 

(see Fig 142) Her IhyToid was easily palpaWe but there was no bruit she h 1 1 
no eve signs suggestive of hyperthyroulisni Her heart was forceful there was 
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a fine tremoi of tlie handi, the pube was II2 the I food pressure MS/Sa mm of 
mercury 

Itoentgonological examination revealed t>pical lesions of pol>ostoltc fibrous 
<]>-splasia confined almost entirety to the right side of tl c body (see Tig 1431 ex 
cept for the skull where there was bilateral thickening of the bones at the I aso 
with obliteration of the front al and sphenoidal sinuses (see Fig 136) Her right 
hand ft as larger than the lell the bone age was greater than 16jcarsand3montlis 
as judged bv the To Id (1937) Mias of Skeletal Maturation, in fact the crest of 
ll e ilmm was completely united nbieh makes her bone age at least nineteen 
T) IS IS to be fompare 1 with her chronological age of 13 > ears and 9 months 
Laboratory studies basal metabolic rate plus 18 an I plus 20 glucose tolerance 
test normal, serum calcium 8 9 mg pcMflOcc serum phosphorus 4 0 mg per 100 
cc scrum alkabne phosphatase il2 Ilolansky units serum total cholesterol 
IJ'Onig per lOOce 17 kelosleroid urinary excretion 4 2mg per 24 hours (Ion 
for a post pubertal adult) follicle stimulating hormone (Foil) assay positive 
for 13 and nerutivc for 06 mouse units |tcr 2i hours (normal tallies fur post 
p ibertal adult) 

The menstrual hiatorj in thia cw is \or> tuRscslitc of non'Otmlating 
o\ tries contmuoiislj producing ostnn whicli in turn IctiU to metropathu 
homorrliagict 'Ihit is what one would expect from early production of 
ISII without luteinizing hormone (LH) Since mcnstrualiort which is not 
asjsooiated with a secretory endometrium is hkouise not n«socialcd with 
cramps it is of interest that this patient did bat e cramps for t^e 6r»t time 
following a fi\o-<la> course of progesterone This is further CMdcnce of 
hek of LH stimulation or of an oxnnan tissue which is too jiucnilc to 
respond to LH The second possibility teems more likely since the 17 
ketosteroul excretion was not 0 but 4 2 milligrams, and since we bchoxctliat 
LH stimulates tho adrenal cortex to produce 17 kctostcroid precursors 
[Reifenstem, Torbes, Albright, Donaldson, and Carroll (I94 j)J 

1 hat part of the history winch relates to the tbj roid ghml is quite similar 
to that of other patients with this syndrome, namely, tho presence of a 
large gland, a moderately high BMR, rapid growth, and more colloid than 
one would expect at operation 

The changes in the mucous membranes of tho no'ic are inlerchting and 
should bo looked for in other coses They probably reprcMint an effect of 
ostnn 

'Ihe right sided distribution of bone lesions and of the cutaneous areas 
of pigmentation is strikutg (cf Fig 142 U, ond C, and Fig 143) 
a I roonoijis 

Except for case S of tho 5Ia8sachu«etts General Ifo'.fiital senes, the iiu 
thors have seen little progression in the ex(«it of tJic skeletal in% oh ement 
wliilo under obsen ation J liat iJio skeletal di'caso can Iw pnigroNsn e in 
young children, was well demonstrated m this cav 3 and al o m the case of 
McCuncand Bruch (1937) M hero the skeleton issoextensncly imohol, 




I’t lyoalolte I tWoiis I))«i liih n 1*1 otoRraph '*}i »wu r Piriiipi toU \rcna 
Noto rit,ht ei k { dialnhutii n (cf 1 113) 
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pccondarj lesions maj an-^ which arc incompatible with prolonged life, 
thus, the chest maj be so deformed that a cor pulmonale is mc% itable 
Pathological fractures are common and iisiidl> heal well with exception of 
those of the upper ends of the femora (nde tnfra) The cndocniio di^ 
order maj be most benign, case 2 of the M G 11 senes had her first men 
strual jieriod at the age of one and passcrl through an artificial menopau**© 
at the age of 5 i 



Fig U3 Cascl'o 29 I’oljcstolic Filrous Displasn Diagrim Showing Distri 
button ot Uoiic Lesions 

Note nglit-sidcil itistril ution except tu skull (c{ Fig U2) 

M TnrXTSIFNT 

Tlicre is no knoim treatment other tKan orthopc<hc themp^ for the 
skeletal deformities and fractures as the> occur One of the most disabling 
features of this s^mdromc is bowing of the upper ends of the femora whith 
leads to repeitcKl fnclure^ Manx of tlie^e do not completely unite and 
rtsuU m pseudoarthroses Orlliopctlic mcaMircs which do not nstort 
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ll« HI RimMtulOjcrtvtuoUiimrof SI ci 1 ".1 Crf>>k Dcfornily « f Illj) nf IMm t «UIi P ly( stotio HI roiis Dj".) !i 
(\) s nv fim n 1 1 43 loforo n rtllon (H) x riy Hmoi 2 \2 41 at orlly nftcroi irali m 
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weight-beanng lines arc useless because of the lack of ngiditj of the bone 
The best result m the management of this senous complication which lias 
come to the authors’ attention is Uiat of a patient operated upon b\ Dr H 
P I^ange The nature of the operation and the result are both shoim m 
Fig 144 A, B, C, and D 



Fig Its Illustration from TOR Recklinghausen (IS9I) Lsuallj ConsidcreUtonean 
Example of Osteitis Fibrosa Gencralisita Ton Recklinghausen 

Because of the marked "sbepberd crook* deformities of the upper liabc* of the 
femora (compare Fig 144 \) and beesnse of the bulge in ibe occiput (compare Fig 
I37A and 137C) the authors feel quite certain that this is an example of poljostolic 
fibrous dysplasia 

VII TEiatEi.OLOCT 

In regard to the name to be used for this bizarre condition, the authors 
quote from the "cction entitled ‘ Wanted \ Xante’ , from a prc\ lous article 
[Albnght (1947b)J 

“Since the etiology of the sjudrome remains quite obscure, the author 
and his colleagues, Drs Allan M Butler, Aubrej O Hampton, and Patricia 
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‘Osteitis Fibrosa Disseminata w ith Areas of Cutaneous Pigmentatinn anti 
an Endoenne D>sfunction wth Precocious Pubcrt> m Females.' Because 
of the unw ieldinc «3 of this termmologj and because A prccctl<>> B, II, anti 
S m the alphabet and probablj for no otlier reason the term, \lbnght’s 
SiTidrome, came mto being ” 

‘ The use of a person’s name for tlie designation of a sjTidrome lias ob 
jections, the chief one beuig tliat no one can decide u hose name to use 
One can nluajs go to the literature and find some prccetling reference to a 
case nhich m all likelihood had the s}ndrome in question Often eich 
Language produces its outi ‘first’ desenber In this, connection the present 
author, a number of 3 cars ago, ran into a rithcr amusing state of affairs 
The question as to the termmolog3 of this syndrome had come up and he 
thought it would he of interest to look o\cr \ 011 Reckhnglntiscn’s original 
IbJl monograph, wluch includes the desenption of a number of different 
bone conditions, to see w hether by ao3 cliancc a case « ith thi^ 63'ndrome 
li wi been desenbed It turned out tliat one and probabb two of the three 
famous cases m the monograph («i«cs 5, 0 and 7 ) w Inch had been consid 
ertd as e\amplcs of osteitis fibrosa generahsala and hence of h3pcrparo 
tliiroidism, most surcb had not been afflicted with 113 pcrparotIi3 roidi&m 
but with this 83'ndromo (see Fig l-Jo) Fortimateb , as the present author 
pointed out at the time (sec di«cussion of paper b) Komblum ( 10 - 11 )] 
son Rccklmghausen’s third case (case 7 ) m all probabiht3 did base h3per 
parath5roidisra, othenM-je we would be confronted wnth the disturbing 
state of affairs that von Recklingliausen had neglected to describe what is 
now known as von Recklinghausen’s disoa«e of bone It will lie N>cn, 
ihcTtiorc, that as far as the Iwio Tn'imfcstaUoTi& of syndrome arc ron 
cemed von Recklinghausen preceded the author and his colleagues b3 40 
3 cars Thus, there is as much reason to connect von Recklinghauson’s 
name with this bone disease as with osteitis fibrosa gcneralusata ” 
There is probabl3 one simple wn3 out of the above dilemma After 
all, the most striking feature of the s3ndrorae is perhaps the bone disease 
A dcscnptiv e name for the bone disease could be found and the w hole disease 
cotiid gv? imdoc tbiA name Tfiis is exacdl} nhai it laXmff phee The 
tentlenc3 is to use the name, iwboslotic fibrous d3'splasia’*, suggested b3 
Lichtenstein ( 193 S), rather than the name, ‘osteitis fibrosa disseminata’, 
suggested b3 the author and his colleagues Hie present author has no 
fault to find with this (endcnc3 A case with prccocit3 and cutaneous 
pigmentation but without evidence of bone lesioms such as that dcj^cnbcd 
bv Kurzrok ( 1937 ) could bo designated ‘pobostolie fibrous dvsplxsia sine 
fibrous dj splasia’ ” 

• I ichlcnstoinandJftfTc (10{2){8Cci»lsoJafIc andLicMcrwtein {lOlSllsubscfiaciitly 
omitted* pol>oBtolic' m order to include tliosecaspswlicro the condition is coiifincd 
Vo one bony lesion and aimj b called tbe disease * Gbrous dj-splosia”. 



CfLlPTEIl 9 

PAGET'S DISEASE (OSTEITIS DErOllJIANS) 

I MORBID ANATOMY 

If one defines a ‘ localized bone-dise-tse” as one that is not generalized, 
Paget’s disease [Paget (1877)] la localized It ma> be limited to one bone 
or be widelj spread throughout manj bones, but it is not generalized (see 
Fig 38, p 80) One can almost invariably find somewhere a simrp line 
of demarcation between normal bone on one side and Paget's diseoNj on the 
other The \eiy fact that Paget's disease w not generalized is strong ei i 
dence against its bemg a metabolic or cndocrmologic disorder The reader 
may well ask, 'T\T;nl about the bone cjsts m hj perparathj roidton’ 
But the'e arc secondary complications, the underljmg lesion dccalcifica 
tion, is generalized Tiie reader maj then o-k “ll’hat about post racno- 
pausal osteoporosis, m which the bone lesions lend to be confined to the 
spine and pelvis’ ’ There the disease is following a well-defined pattern 
certain parts of the «keleton are more prone to mvolvement than others 
and the distribution of the lesions is not spotty but acconling to plan, it is 
not as though the twelfth thoracic and third lumbar vertebrae were in 
vohed whereas the rcmamtng vertebrae were normal 
Ilavmg made the above rather dogmatic statement, we must make one 
reservation ^^e have in our cimic a patient \nth undoubted Pigeta 
di&ease m w hom c\ ery bone m the bod> is inv oK ed , moreov cr, each lionp 
IS at the same stage of the disease Unfortunately, the patient refuses 
to be hospitalized for detailed studies 
Paget’s disease, we attest then, lias a spotty dtetnbution This is con 
sistent withan infection, a tumor, a trophic nerve disturlxince, or o vascular 
lesion There is a lot to suggest that the fundamental di order is vascular 
The condition increases with age, there is a tendency to arteno«c!era«!'» m 
general and to artcnoeclcrieis of those artenes supply mg the mv olvcil hone 
m particular, there ns a tendency for the condition to run w /amd^e^ fhoilcr 
(1946)] Howev cr, if (he disease is on a vascular basis, it must lie due to 
an abnormality tliat leads to too much circubtjon rather than too little 
Thus, the skm overlying an involved l>one ■shows an mcrca^c in tempera 
ture , w hen Paget's mv oh es the skull there is a marked increase in the size 
and tortuoaity of the superficial artenes of the temporal region -ts a 
cause for too much blood flow one coasiders a shunt lietween the artcrua! 
and venous systems, lo , what amounts to an arteno venous aneurysm 
Support for this concept was provided recently b\ Edholm, Ilowarlh an 1 
McMicliael (1945) who found that the blood flow through bones mvohol 
With Paget’s disease is mcreased up to ^ tunes the normal Monover, 
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when the condition la sulTicicnllj t^idcaprcnd there is a dccreny? m artono- 
^cnous 0 x 3 gen difforento an increased total blood flow, and heart /adum 
Paget s disease has a prcdhposition for that part of the skeleton which 
IS most subject to stresses and stmms> Thus the sacrum is the bone most 
often maoUed the lumbar aertebrae are more often inaohcd than the 
thoracic and the thoracic moie often than theceia ical the low er extremities 
more often than the upper One maj ask whj the skull is so often m 
sohetl The ansu er la not apparent but eicn here stresses and stmns 
plaj a part as shown m Pig 140 w here the distribution of the ms oh «l area 
of the skull IS apparcntlj determined bj tl c pull of the temporal musclea 
\\ hen one comes to tlie actual bone lesion in Paget s di'casc it lias much 
m common with that seen in osteitis fibrosa gonerahsata (compare Fig 
147 1 and 14 7B) In both conditions the bone Jcaion*! are extremelj ca=cu 
lar there is marked fbrosis about half the bone surface is coacred with 
osteoclasts as c\idcnco of marked Iwne resorption and about lialf with 
o-steoblasts as ea idcnce of marked bone repair and the bone that is lieing 
hid down is being calcified os shown bj the normal width of the osteoid 
reams 'Ihoro are howeser some diffcpcnccs There is not the reme 
londcncj to the formation of so-called osteoclastomas or brown tumors 
m Puget 8 disease as m osteitis fibrosa genenhsata The mo«t important 
distinction I ctwocn the two conditions howeser concerns the arciute ture 
of the bone In Pigot a direare for reasons that will appear I clow the 
tralipculac start nowhett and end nowhere in osteitis fihrova generalisata 
there ma> bo extreme doealcification but there tnlieciilne that are left 
are m good mechanical irrongcmenl \ thml differmcc between the two 
conditions has to do w ith (he so calk’d mosaic structure as first dererilKx! 
b> Sclimorl (1932) This p ithognomonic feature of Paget s direaso i> 
due to the bizarre arrangement of (lie cement lines, within (he Irahecuho 
(see arrows m Pig 147B) lobe sure tlicn* are other bono diseases with 
an me reared number of cement lines n the trabecutae Iiut (lie lines arc not 
so eompletelj irregular The rcaren for this, will he direusre<l 1 clow 
From the abo\ 0 tliscus»ion it is e\ idcnt that m Paget s direare there is a 
markoiIincreascmbolbbonctle^tniclM nandbonciormation motbcrwonls 
there IS an incrcared turn oxer of bone If one had to guere one would 
presumably sa^ tint the incre.iretl 1 one formation was the rc'nilt of m 
crca'ifdhoneilestruction Hut one does not 1 axotogucss one can examine 
thcmitnllc^ion Todireoxcrxxhatisgomgon inacomphcatcd pathologic 
picture one should alw ijs Irj (o get at the advancing <slgo of the lesion 
and reo wh it tomes fiNt 

In the skull in Paget s di ease one often finds lesions tlul luaxe quite a 
different appe imnce from there encoiinteml in other parts of the skeleton 
Ihej lack the marked overgrowth of bone and consist merch of circum 
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scribed areas of bone destruction The x ria appeamnce of such a lesion 
is sho\vn m Fig 148A The inaohed arci terminates abniptlj (sc© ar 
rows) At autop y a section through such an area (Tig USD) showed 
normal bone (to the right of the arrow) sharplj demarcated from the in 
A oh ed bone (to the left of the arrow) \ microscopic evammation at this 
pomt (Fig I48C) ro\ealed normal bone (to the right) being destro\ed bj 
the de-stmctiA e lesion (to the left) with numerous osteoclasts no bone for 
mation or osteoblasts were seen This is strong e\ iclence that the initial 
Ics on m Paget s disease is bone destruction 

Support for this contention can be derived from the characteristic man 
ner in w Inch the disease progres^e3 Thus \ ra^ films of an in\ oh ed 
skull (Fig 149V) show three zones normal hone (to tie right) 1 me 
destruction and bone repair inth overgrowth and increased densit> 
(to the left) If such an area of invoUement is followed for several 
j cars the zone of bone destruction m some cases maj lie seen to ndv ance 
Such w as the case in tins skull m w hich the lesion adv ancod into the nor 
mal bone closer to the no'c (Ftg 149B) Jn the long bones for reasons 
that w ill appear below the bone repair usuallj occurs almost simultaneou&lj 
with the bone destruction and one seldom has the opportunitv to sec one 
procei>3 divorced from the other occasionaH> w here one does (Fig 149 C 
D and E) the same sequence of zones appears Schmorl (1932) aho 
demonstrated that the initial lesion in the long bones ia bone resorption 
He did this bj imakingalongitudinal section of an involved long bone from 
which he took a cro«a section 2 cm distal to the point where the hone was 
inv oh ed grossly enough to be vleteclable b> the naked ej c This cross 
section showed bone destruction without anj evidence of bone formation 

II LABOR-VTOnV rLNDINOS 

The serum calcium and phosphorus are usually norm il m Paget s di 
ease although there la a slight tcndcncj for the senim phosphorus (o I e 

Fg l-H) Acute Paget s Disease of Skull with fl I^istnbution Suggest ng It it 
Pull of Temporal Muscles Is a Factor 

(V) Lateral X ray of skull ‘Note that bone npostenor aspect ofskull isof normal 
texture and tbvt Ixwe in front of ekull has been largely destroy ed i ole espcc ally tfiO 
semi c rcles one in each s de of skull wh ch represent 1 order between normal 1 one 
a I Paget s d seaso 

(B) Vntero posterior \ raj of skull Notethattwosemi c rcles meet nthefront 
albeit not qu te ii the m ddle 

(C) Anatom cal drawing from Grays Vnatomj Note tiat jull of ternporal 

muscles maj wellaccount fore rculardiatr but on of acute Paget s of tl e skull shown 
in A and B , t i 

Finillj note n \ tl at the lowermost partof If eoccip tal bone isalsomvolvcu 
n acute Paget s d sease presumably due to the pull of ibe muscles of the back wl c 

are attached to th s area 






Fjg U7 Photom crographs of the Bone in Paget 3 Disease (\) and II 
^b^To disnj (B) 

Note that although the osteoclasia (Oc ) and the osteohlasU (Ob ) are itfe«eflt m 
both diseases the slructural integnt) has disappeared tn 1 but is mainlained m B 
Note also the mosaic appearaareof theeement lines someofwhiel are lod rated hv 
arrows JFrom Iteifenstein and ^bright (ItHt) the«e photographs were k ndlysJp* 
phed by Dr Grannlle \ Bennett to whom the authora are greatlj indebted ] 

2SS 
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sligbtl) elc\ited, the scnim phosphatas) le\cl is higher per unit of bone 
disease in Paget s di'iea«:e ttuan m anj other condition Since the serum 
phosphatase is an index of bone formation (sec p 0) this agrees nith 
the marked o\ ergronih of bone ^^hlch one finds m Paget s disease and n ith 
the tenilenc\ to unbridled bone formation — that is, to osteogenic sarcoma 
W hen the disease is progres'«mg c'llcium anti phosphorus excretions in the 
urine maj be mcrcvsctl and unnarj calculi are not infrequent findings 

JII X ItSY DIAGNOSIS 

1 he X ra} diagnosis should offer little difficultj One looks at the ad 
\ ancing edge of a Paget a lesion for the follow mg three zones normal 
bone zone of bone deatniction and zone of o\crgrowth of bone rurthor 
more one looks for increase in the size of the bone for the characteristic 
large coarse trabeculations and for bow ing of the long bones Thechssi 
cal fimlmg m the skull of courac a thick coarsely moth-eaten’ skull 
(Fig 27h, p 01) as opposed to tho normallj thick finelj moth-eaten* 
skull of osteitis fibrosj, generahsata (Fig 27 B and C p 00) 

i\ nruTiov OF PioETS pisnsr to nniTinnoio functiov 
^^hcJ0ai5 It 1ms liocn csl vbhahod bc>ond nil doubt that Paget s di'«oa*>c 
Is not a manifestation of h\perp»rathjroidi''m there hue licen «t\cml 
tasch where hj porp inthyroulivm was complicatwl hj Paget s di«casc 
Jho luthors ha\o seen four mh cases Since Pagets disease is a icq 
common disease (throe per cent of oscrvlioth o\cr -40 has Paget s tliscose 
according to Schmorl') it is not unlil olj tliat the occurrence of the two 
conditions m anj one indundual is pure coincidence On the other hand, 
il IS just possible tint the prc'^jnce of li> pen)arath> roidism prwlispo^ea 
patients to develop Pagets disease and it is the authors practice to mle 
out hj perparath) roidism in all cases of Paget s diMja'=c This pmctico to 
date however, has not uncovcrwl nn> casis of h>pcrpanithiToidism 
Furthermore it sccined po®«Jiblc that a surgicalb induced liiTiopara 
thjToidimi might benefit Pagets di'Oi'Jc Smcc hj poparathj roidi-m is 
now casify controffwf (see p 35) «e fc/t pistified »i rcmov ing aW four para 
ihjroids from a desperate case of Paget’s disease This was carried out 
bj Dr Oliver Cope and li>popanithjroidism was induced ^^ho^cas 
there may have been slight unprovement it was not dramatic 

> pvniOLOClC PIUSIOLOGT 

Tho jntliologic Usions of Paget s disease have been di cussed, it remains 
to attempt an interpretation It is clear that the initial lesion is a locahrotl 
factor uaiismg bone dost ruction vvhicli has no respect for stniclural require 
roenls 1 ho bone destruction rendera tlie mv olvod bone more susceptible 
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to stre««cs and strains To compensate for tins, the o«fcob!asts arc stumi 
lated to la> dorni more matrix, the serum pho'^phatose le\el— an index of 
osteoblastic act ii itj —therefore n>cs l^Tiere the «trc«^es and <rtraiii 3 are 
constant!} present, as in the \ertebrae and long bones, bone repair occurs 
almost ‘simultaneoiLsh with bone dcstruclion, nliere stresses and etniina 
are minimal, as m the ‘skull, bone repair ma} Lag behind bone destruction 
(ndc stipra) 

In the meantime, the locah 2 c<l destmetne factor persists and continues 
todestro} bone, including some that has l)cenne«l} laiddoanasarepam 
ti\e process The junctions between new and old bone are marked b\ 
cement lines, m the constant battle lietwccn bone destruction and bone 
repair mam such lanes ansc Simc the local destmetne factor bos no 
respect for the mechamcal requirements of the skeleton the lino haie no 
order, hence the mo aic ‘ttruclure (‘sec arrows m Fig 147B) Them result 
a bone of poor architectural \aluo Thts factor explains three of the «tnk 
ing chmeal characteristics of the di«casc the marked tendenc} to o\cr 
growth of bone, the fact that the serum pho^pliatose el — an index of 
bone repair— IS «o high per unit of di^ea^cd bone and the tendeua of the 
bones to become deformed m «pi(c of marked oi ergrowth— for example 
bowed femurs 

In Fig 150 V the '^iquonco of caents is illu'trated «chematicalh 
XT EFFECT OF lM\tOmUZ.VTIO\ OX rxCETTS DI&F\SE 
(A) of &lre^ and S/rotn 

■\Mien a bone contammg Paget’s diM»so k immobilised the stimulus 
for bone formation ceases, and bone dc‘druction continues, unabated 
There re'wilts a decrease m tfie «erum pfios-phata^o lex el and m hone mass 
and an mcrease in the untuir} excretion of calcium (Fig IjOB) Tltero 
ma} men be h}'perealcemia when the amount of caleuim to lx. excreted 
e-xceed' the abibt} of the kidncj to excrete it (Fig 131) or when the kid 
ne} function becomes impaired from h}'perealcuna 

The role of immobilization in produemg ostcojxiro i-> and the acute 
atropb} of di«usc that results when a patient in whom the turnover of bone 

Fig US PJiotographsSbowing that the Initial Lesion mPaget sDisease Is Bone 

Destruction 

A— the X raj film of a skull with two areas of destruction separated bj a brulge of 
normal bone (between Che arrows) B— the x tsr film of 1 hesmieskull poetmtirtero 
C— the skull as it appeared post mortem D— a section tlu-ough tbs skull shoeing 
the advancing edgeof destruction (arrow) withnormallmne to thenght and involved 
bone to the left E— a photomicrograph of the area at the point of the «rro» m D 
showing normal bone on the ngbt and the mitial lesion of bone destruction on the 
left with osteoclasts (arrow) in juxtaposition to the normal bone (FromPeifefBtein 
and Albnght (1944) ] 







I Ib 1-J J The ProRrcewon of I’aRet s DismBP 

A— ekull si owinR an sron of kstruction with norm 1 1 on. to tl c ngl t nn 1 1 vorgrow ii 1 one to tho left 
eamo ekull Iw i jonrs lalcr showing It it the irea of Icstructiou 1 ns mo^c 1 closnr to tho nose 
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Fig 149 (eontinucil) 

C—in>olvemcntof the tibia D— same tit i&tnoanda half years later H — diagram indicating tlio progression 
af the Irsion In the tibia. IFrom Rcifcnstem and Mbnght (1944)' 


7 » j 

* <S) ^ ' ® T 

Fig 150 Schematic Diagrams Showing the Frocfa*cs in Vncomplicated Pigcta 
Disease ( V) and m Paget’s Disease after Immohtlization (B) 

Three stages or zones are depicted f, Dormal bone IJ boncdestruetioD III bone 
destruction with compensston repair 

Uneompliealtd Faget $ Disease The designations are ns follows bod> tunif* 
B— body 0uid,C — bone mass having three surfaces (one where nothing is liappeninK 
one where bone 15 beiogresorbed and one where it is I eing laid down) D— osteoWast 
la) mg down a matrix of osteoid tissue (E) F— nrrow indic3tingb% itasizeiherstcof 
depositionofealciumaadphosphorus G^osteociast }i— srrowindicstingb) ttsaiM 
the rate of resorptionof calcium and phosphorus I— calcium aud pi o^pLorus entering 
the body through the gastrointestinal tract J— calcium md phosphorus iMving the 
bods by the kidnej's and other exits Iv— arrow mdicxting the direction of advatire 
ment of the disease process In Zone II, note the decrease of the bone moss the 
increase of osteoclasts and the increase in the rate of resorptionof calcium and 1 1 os 
phorus In Zone III note th-xt the increased stresses and stains from the decreased 
bone mass in Zone II haxe resulted in an increase of osteobl ists an increase in tht 
rate of deposition of calcium and phosphorus and an incrca~e in bone ma«s w h eli is 
of poor qualit) Analyses of the serum (L) show a normal calcium level a si gl tl> 
elevated phosphorus level and a markedly elevated phosphatase level 

PageVs Disease offer Immohifi often The osteoblasts (Di) arc ha poplastie owing 
to loss of the stimulus of stresses and strains through immobilization tl isre«ultsin 
a decrease of matrix (Eil and a decrease in the deposition of calcium and phos| bores 
(F|) In Zone III note that the huge amount of compensatorv bone formation (F) 
IS no longer present because of immobilization Since bone destruction (II) fon 
tiQues unabated there results not only a marked diminution of the bone mass (C) 
but also a tremendous increase in the excretion of calcium and phosphorus w the 
urine (J|) Analyses of the serum (Lj) show a marke llj elevated calcium levrl * 
slightly elevated phosphorus Jevri and a phosphatase level that is still slightly cic 
vated 

{From Heifenstein and AIbngbt (1914)] 
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IS greater than in the normal ndult is immobdizecl arc dtscus.'jcd ciNcwhcro 
(see 0*teroperesi5 Stow Disuse, p 147) 

Ca«o No 30 illustrates ucU the scquelie of immobilization m a patient 
with Paget’s disease The scram phosphatase fell from 42 to a low of 13 
Bodanskj units, the "cnun calcium gradual!^ climbed from 10 1 to a high 
of 13 0 mg per 100 cc , tins high point coinciding with the low point on the 
phosphat'i'ic curve, the dailj calcium ctcretion m the urine rciichcd 319 
mg When activity was resiuncd the values returned to the pro frveture 
fevefs, the daily calcium excretion m the urine falling to 3S mg 



IiglSl CaseNo 30,Fagct'sDi6c&se Chart lllustralmg the Effect of rnetures 
on the Scrum Calcium Pliospborus anti Pltoaphatose Levels nnd on the Lnoerj 
1 vcretion of Calcium ami 17 Ketostcroub 
IFroni Hcifcnstein and Albngbl (J9H)I 

Case No 30 Paget’s Disease, Praclurc of Bight Ptmur, Osteotomv 
of Left Peniur, Post Menopausal O-tcojiorosH, Acute Atrophv of Disu«e 

L M (M G 11 281615), a6l jear old woman, was admitted to the hospital on 
December 28 1912, with a fractured femur 

At the age of 60 she bad become aw are of enlargement of the head and the left 
clavicle X ray examination bad rcveilcd Paget a disease 41 the age of 67 she 
had noticed bowing of the femurs borsome jears she hid been troubled with 
increasing deafness nnd ringing in tf o enra She ha I never passed grave! V 
phiniologic menopause w ithout hot flashes had occurred at tlie nge of 52 Jo 
June, 1939, she had been teferreil to one of us (F A ) ly Dr Louis Ifnmmnn of 
Ballimoro 

The s ray films of the femurs obtsinr I in 1979 (Fig 152 1) erplsin whj it a 
possible mPagel’a ilisciise for abowc 1 leg toLc as long o* if not longer than tho 
unbowed leg This question had been raised and answered bj Schmorl It will 
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be Been that a series of partial fractures had occurred on the convex side Each 
such fracture leads to an increase in length of a fraction of a centimeter t 
senes of such fractures can increase the length bj scacral centimeters The«c 
partial fractures are of clinical importance since a complete fracture may occur 
at one of these points Such uas the case in the patient under discussion fw 
Fig 153) , the site at which the fracture subsequently dex eloped is indicated b\ 
the arrow in Fig lo2i 

Pny steal examination m June 1930 revealed the typical picture of Paget a 
d^ease with great enlargement of the head marked ovcrgronthofthejaii-s and 
enlargement of the left clavicle and both femurs The blooil pressure v, as 135/9o 
There n ere present a basal systolic murmur and a thrill that were interpreted as 
aortic stenosis on an arteriosclerotic basis Theserum calcium level « as 10 mg 
per 100 cc The urine contained a moderate amount of calcium and the sediment 
showed 10 to IS white cells per high power field 

The patient was advised to take one glass of milk and 10 drops of viosferol 
three times a day She was seen at about ycxrh intervals thervifter The 
blood chemistry findings at the«c\isi(saregivcn in Fig lol InNovembcrlWl a 
urine examination showed a specific gravity of 1 030 no albumin a moderate 
amount of calcium and 20 toSOred cells and 4 to 6 white cells per high power f ctd 
At that time the milk intake was reduced to two glasses a day and the vioster I 
intalcewasdccreasedtolOdropstwiccaday Inaddition s idmmcitrato Zgm 
three times a day , was prescribed 

Oo%ovember]9 ISlSjIheiinnesbowednspccificgriDly of 1 002 no albumin 
and 2 red cells and 4 white celb per high power field The serum calcium was 
10 4 xng per 100 ec the serum phosphorus 4 0 mg and tl e scrum phos; hatase 
23 0 Bodansky units 

Oa December 2S the patient slipped on the 0oor and fractured her right femur 
at the junction of the middle and distal thirds ^he was admitted to the Baker 
Memorial Hospital under the care of Dr George^ ^naGo^l^er• \ravexam 
ination showed the fracture fragments to be in satisfactory alignment hence no 
orthopedic procedures were instituted except simple traction (Fig ld2B) 

Tie course tbercaiter isshova in Fig J53 Because of previous experience m 
another case milk was omitted from the diet from tl c time of ulmission and 
other fluids by mouth were forced so far as possible Thepdient rcroaineiJ com 
fortable for the first three weeks Then ns iheserum calcium I cgm torise “he 
complained of anorexia and drvnrsa in the nose and throat with d /Eeulli m 
swallowing This was followeil by constant nausea and vomiting The fluil 
intake became inadequate For the next three weeks during the jieriod of max 
imal hypercalcemia, the patient was given almost daily an intravenous infusion 
of 1000 to 2000 Cc of equal parts of 5 pc* cent dextrose and normal saline solutions 
On February 8 1943 when the scrum calcium lev cl bad iallen to 11 9 mg 

• We are indebted to Dr 1 an Corder fw bis co operation in the study of this 
patient _____ 

Fig 152 Case^o 30 Paget a Disease "V ray Films Showing the Right remuf 
Three Tears Before (A) and Immediately (B) Three TVeeks (C), Five Becks (D) 
and Ten Weeks (E) \tter Fracture 

The point of fracture is indicate! bv the arrow Compare the densities ol tic 
cortices m these films [From Rcifenstein and Mbright (I9U)1 
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100 cc , the ifltrsrenous infusjons were discontinued -it the same time the 
gastric and pharj-ngeal symptoms practical!} disappeared and thereafter the 
patient was able to maintain an adequate fluid intshe b} mouth 

\ ray films taken on January 18 1943 (Fig 1S2C) 21 days after the fracture 
showed that the alignment had been maintained and that a marked amount of 



Fig 153 Paget s Disease Showing Fracture through the Site of a PreiioiH In 
fraction 

OthcrisSractioas aho\e sd 3 below the SraetJB^ are tsdicat&d by arrows /From 
Heifenslein and Albnght (1941)J 

calcified callus was already present The bone healed so rapidlj that by the firet 
weekmFebruarj the traction could beremo\ed andbi Febniarj 15 the patient 
was able to get out of bed The subsequent course was uneventful This case 
was mentioned in a previous eommumeaiion (Ifeifeostein and Albnght {1944}] 
As the result of the fracture of the right femur the patient had legs of unequal 
length, and she had considerable difficulty m iviilking She elected therefore, 
to have Dr A an Carder perform an CBteotomj on the left femur in order to 
straighten that leg This was earned ont on October 2" , 1944 Because of our 
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pre\ I0U3 experience with her, she was watched carefully The same sequence of 
events occurred as after the original fracture (see Fig 151) T1 e patient com 
j lame lofanorcxia dr^mess of the nose and throat diUlcultj insnaltoxvingabout 
10 dajs after operation at a time when her uriDar> calcium excretion had risen 
fromanormallevcl to423nig per24 hours and herserum calcium lc% el had begun 
to rise It was necessary to give daili for 27 ds>s an intravenous infusion of 
dextrose and saline solutions to support the patient liccsusc of constant nausea 
The infusions were finallj discontinued on December 3 lOH Thereafter ll c 
patient made rapid progress and was discharge lonFcl ruir> 3 19-15 able to walk 
unassisted At the lime of discharge the serum cnlcium nos 8 1 mg per 100 cc , 
the serum phosphorus 4 0 mg per 100 cc the scrum alkaline phospliataso 21 2 
Bo lanskj- units, the serum protein 5 7 gm per 100 cc , and tl c unnarx calcium 
3G mg per 24 hours 

Two months later she reported that her gait had been much improvcil b> tl e 
correctiveoperation Theserumcalciumwos" 6mg perlOOcc tleserumphos 
pborus 4 2 mg per 100 ce and the serum alkaline phospl ntase 31 4 Bo Innsk;^ 
units 

(IJ) Possible Rote of the Alarm Reaction 
11ietlccrcascdform'vtJonofl>onemCa.«o\o 30 t\-as probtbh notcutirtli 
due to iramobilizatioa Asi mth any mjun [Torbe^ Donnld-on Keifcn 
stem and Albnght (1947)1 there was a depression of tbc tinnarj 17 keto 
steroid cYcrctiOQ, with a return toa norreq) taliic for a patient of this nge 
with reco\eiy— from 1 7 mg m twcnt> four hours on tlie third daj after 
mjurj to 5 6 mg on the sevcnt> ac\cnlh daj It is quite probuhic tint 
this change in the 17 kctosteroid cvcretion md part of the deprcvion lu 
bone formation are to be attributed to an altomtion of adrenocortical func 
tion that H common to all injuries [compare the «o called Marm Iteaclion 
of Sc^e (194(5), see p IS2J TJic net result of this altered function fol 
lowing injurj is a curtailment of tissue formation except at the ‘«ito of mjtirj 
[Albnght (1942-1943)] Ordmanlj such a curtailment ma> lie ot crlookctl 
but m Paget's disctsc, where bone formation !•> rapid and cxtcnsnc, anj 
influence that suppresses it is magnified 
It should be notctl that this curtailment of tiosuc anaboh«m following 
iiijuncs does not afTect the anabolism at the site of (he mjurv It is not 
vcn\iVe\> that there is Bcime \oca\ iaclot that caWKSs Tnaatmal ti'Sne Ttt»a’iT 
there Thus in Case Ivo 30 while the rest of the femur was melting awaj, 
a good callus w as being put down at the site of Iho mjurj 

(C) Dangers and Thar Pracntion 

tVhen a patient with Paget’s disease is immohilizwl the danger of a 
so-called “chemical death’ exists (see p 77) Thus, the patient m Ciso 
No 30, if treated m the ordinary fashion with lilicral amounts of milk 
no special regard for fluid intake, and more tlian minimal immobilization, 
might Well ha\e de\ eloped on exen luglicr blood calcium level, anuna, and 
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death Jlctastalic calcification m the lungs might Ime been o^e^lool^,ed 
at autopsj and the cau-=e of death put down as bronchopneumonia To 
control the hjpcrealcemia and hj’permlcurn one should pre-scribe a lou 
calcium diet and ‘aiflicient fluid bj aein if nce<l be «o that the ''erum and 
unnarj calcium concentrations do not ri<so to <Langcroua Jei els. Imraobili 
zation should be kept at the absolute minimum and mobilization should 
be begun as carlj as po-5«ible not onlj to aa oid chemical death but to aa oid 
extreme atrophj of the bones (Fig 154) 

Besides nau«ca and aomitmg ulnch are recognized s5Tnptoms of hj'per 
calcemia, both this patient and anollior imliaadual preanotHb ‘^tudictl 
expenenced a peculiar sensation of drj-ncss m the no«e and throat, until 
difficultj m suallouang Thc«c RjTnptoms ‘sccmcil to be associated wnth the 
hj percalccmia 


vn 'mL-\T\tEs*T 

Since the imtwl lesion is incrcasc<l bone resorption it seems logical to 
administer those agents uhicli decrease bone resorption, namely high cal 
cium and pho.sphorus intake®, \ntamm D to increase calcium absorption 
and perhaps an alkabmzmg salt SpccificnH>, most of the authors 
patients recen e at least tu o glasses of milk or buttermilk dail> , and 50 000 
units of antamin D concentrate three times ueeklj Mkahmzing salts 
are «eldom used because of the danger of causing kidnc> stones ululo on a 
high calcium and phosjihoms rcgmicn In female patients after the meno- 
pause estrogen thcrapj is probabh ludicatetl to enhance compensator 
bone repair (sco IMctabolic Studj Iso Casc?«.o 12 p lo4) Mlamin C 
in large closes, for reasons uliich arc not apparent, 'cems to benefit some 
ca«es The results of thcrapj, unfortunatelj , are impossible to exalu.ite 

For reasons which haxc been ili»cu®scd aboxe, low calcium pho®phonis 
and \ itamm D intakes and a high water intake arc pre'^nbed for patients 
wath Pagtt s disease who are immobilized with fractures or confined in l>od 
for anj reason Smeo estrogen tlicrapj decreases the calcium excretion fol 
lomng: orthopedic ojieratjons f®ecp 1 17), it might a! o be tried under llic'C 
circumstances In male patients wliere the proiluction of stenlitj would 
lie a factor of importance, cstnn tlicrapi is probabl> contra indicated 
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very little calcium in the urine (see p 30), 'iml loners the dosi if the con 
verse is true He thus avoids lupocalcemia nith its penaltj of totanj and 
hjiier hyperparath} roidism n ith its thre it of dcatli (<500 p 77) 

(3) In a patient nith hidnej stones or ranfied bones nberc one wishes 
to rule out hjiierparatlij roidism and where the serum calcium and phos- 
phorus values are equivocal, a pcrsistentlj positive Sulkomtch test at tlie 
3 to 4 plus lev cl w ill fav or hyperparathjTOidism and call for further deter 

T\DLL 8 


Factors Used tn Den mg Certain Components of Muscle Protoplasm From 
\ttrogcn (N)* 


Ft tor Number 

Componeat t« B« Dcr vtil 

Fintl UdU 

Fictor** 

1 

Protein in Protoplasm 

gm 

6 25 

2 

Protoplasm fat bee but not extracellular 
fluid free 

gm 

32 

3 

Protoplasm fat free and extracellular 
flui 1 free ( true muscle ) fTalbot 
Butler and MscLncblaa (1013)) 

gm 

27 

4 

Intracellular Fluid to Protoplasm 

ee 

1 19 

5 

Extracellular Flui 1 tn Protoplasm 

cc 

5 

6 

Potassium in Intracellular Fluid of Proto 
plasm 

m eq 

2 7 

7 

Sodium in Extracellular Flu d of Proto 
pi asm 

m eq 

0 77 

8 

Pi ospliorus in Protoplasm 

1 

gm 

1/14 7 
(-0 OGS) 

0 

Sulfur ID Protoplasm 

1 

gm 

1/14 S 
(-0 009) 

10 

Fat Caloncalty Equivalent to Prolopfasm | 

gm 

2 8 

11 

Protopl ism (fat free) Minus Fat Caloric 
ally Fquivalei t to I rotoplosm 

gm 

20 2 


• F< r source of factors se-* lie fenstem Mbr ght nud Wells (1915) 
•• I actor X nitrogen iii grams >- component 


minalions of the KTUm clicmMncs whereas n test that is positive only at 
the 1 plus lev cl w ill practically rule it out (see p 73) 

II TIIEOBETICM PlIoaPHORES JKL.VNCr 
By a theoretic il pho phorus balance la meant that balance which one 
w ould evpect from the nitrogen an<l calcium balance^ Since about 97 per 
cent {Shohl (I930a)lof thobodv phosphorus is contained either in bone (cal 
cmmtoplio^phorusntio = 2 23) orasan integral part of protoplasm (nitro- 
gen to phosplionis ratio of mu<»cle approximately It 7), it is possible if 
one know s the calcium and nitrogen balances to calculate how much of the 
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phosphorus balance can be explained by the balances of those two 
For the purpose of the-'G calcuhtions all protoplasm can be con<=i(lcrcd to 
lia\e the s.ime compoMtion as muscle, since most of the protoplasm is 
muscle, and since the X/P ratio m oUicr tKsucs is not \eri difTercnt from 
thatm muscle [shin, IGG/J, muscle, 17 2/IJjver*, J03/J, spleen, 1! 1/1, 
kidney, 12 8/1 , and brnmt, G G/l~Albriglit (1942-1943)) Simihrlj , it is 
possible to calculate a theoretical nitrogen balance if one knons the pho-* 
phorus and calcium balances or a theoretical calcium balance if one know s 
the nitrogen and phosphorus balances fn Table 8 are gi\cn the factors 
miolved in the calciihtion of ceitam components of muscle protopUsm 
from nitrogen 

In Fig 135 an analysis is made of the phosphoms, calcium, and nitrogen 
balances during a metabolic experiment m which market! fluctuations of 
the balances w ere induced bj starting and slopping testosterone propionate 
therapy (see Case Xo 13, hfetabolicSUid) No C, page 102) Phis figure 
illustrates that the pliaspliorus balance \er> ncarJ> can lie accountctl for 
by the calcium and nitrogen balances during both the control ob'-cr\ ations 
and the expenmerUiiI periods During the 22 period-' 29 1 gm of 

* The ratio of liver is afTeoteil l»> phoniilionis present in |{1> coRcn 

t The ratio of brain is alTeetcil b> phosphorus present m phosphohpicU 


Iig 155 An Amlj-sis of the Calcium Phosphorus and \itroRcn Balances in a 
Metabolic Experiment 

This study on nn elderly male patient with osteoporosis (M H , M C II 207511) 
consists of 22 five day periods (See Fir 78, page 163 and Case No 13, Metabolic 
StudyXo 6, page 163) Theordinatcaarcthcscalcsforbahifieesingnifnsperfivc «la} 
period, tlicnbscissais the scale for five dsj |>crio<Ls The hnrirontal line stnrthiR at 
icroof thff {irilinatois the baseline, bihncos extending from the basrJinc toward the 
top of thechartaropositivc, those cxlemling from the baseline toward the bottom of 
the chart are negative 

The chirt has four divisions (\) the measured phosphorus balance, (B) the 
measured phosphorus balance with superimpcwd theoretical balance explainable bj 
the measured calcium balance (Ca/P •• 2), (C) the measured phosphnrus balance 
with superimposed theoretical phospliorun balance explainable b> the measured 
nitrogen balance (V/F 15) , and (D) the measured phosphorus balance « ith siifier 
imposed theoretical phosphorus balance cxplainatdc bj both the measured calcium 
and themeasure*! nilrogen balances, i e n summation of Ji and C It will lie noted 
in D that the actual phosphorus retention \er} cIo(iel> follows the theoretical phos 
phorus retention <V.s amatler of faclpifarstioot Ca/P of 2^ instead of 2 had been 
used in coiislructiivR the chart, the di«crepincj would be \cr> much leas This ex 
pentncnl supports the contention that nearly all of the phosphorus retained as a 
result of testosterone propionate tlierapj is retained cither aa bone or as protoplasm 

For further diseuxsion ace text additional data on this patient are published 
elsewhere (neifeustein, AIbnght, Parson, and Bloomlierg <I!>f2), Albnght (I'M?' 
l''n),Ileifciistein, \lbnRbt,nnd3Vells(19t5),andCa»e6mIleircnsleinand Vlbrigl t 
(1917)) 
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phosphoms ^ere retained, 14 2 gm could be accounted for bj the calcium 
retention, and 18 1 gm by the nitrogen retention Tlius, of the 2!} 1 gm 
of phosphorus retamed, 32.3 gm nere explained by both the calcium and 
the nitrogen retentions These figures were obtained from the foUo\nng 
calculations 


Calcdlatiovs 

/rrk>* 

Phosphorus retained 29 1 gm 

Calcium retained 31 7 gm 

Theoretical phosphorus based on calcium 14 2 gm 

calcium X 1/2 23 (Shohl (1039a)) 

Nitrogen retained 266 4 gm 

Tlieoretical phosphorus based on nitrogen 18 1 gm 

nitrogen X 1/14 7 (Benedict (1915)) 

Theoretical phosphorus based on calcium and nitrogen 32 3 gm 


Fig 156 A Comparison of the Deviations m the Nitrogen , Potassium, Phosphorus, 
and Sulfur Balances os a Result of Tlierapy 
The subject of this anah'stsn as a female patient irith Cushing’s syndrome (B > , 
hi 0 H 74372) (ScoFig 82, page 172 and (3aso No 14,'MctAbobeStud> No 7, page 
167) The scales for balances m amounts per fiao daj period are given as the ordt 
nates, the scale of five day pcrtwls is given as the abscissa Thoanalj'sis consists of 
18 live da> periods The horizontal line starting at zero on each ordinate is the 
1 aseliae of that particular bilaiice, balances extending from the baselines to«ard 
the tops of the charts arc positive, those cxtcniling from the baselines toward the 
bottoms of the charts arc negative The balances are charted os deviations from the 
overage of the control periods rather than as the balances actually mensured 
TP » testosterone propionate, I B’iDSulin,CB » estradioIbcnzQate,D » dosage 
per day, U *• units per day The data for potassium arebased on anal j-scs of unnarj 
excretions alone, the fecal potassium excretion was assumed to be 8 per cent of the 
potassium jutakc The factors for the calculations are gi\en in Table 8 

The chart has four divisions V — the measured nitrogen balance, B— the measured 
nitrogen balance with superimposed theoretical nitrogen balance explainable b> the 
measured potassium balance, C— the measured nitrogen balance with superimposed 
theoretical nitrogen balance explainable by the measured phosphorus balance (after 
the phosphorus theoretically retained w ith calcium had been subtracted) , and D— the 
measured nitrogen balance with supenropowd theoretical nitrogen balance explain 
able by the measured sulfur balance It w ill be seen that there is a close corresiKiDil 
cncc between the measured and the theoretical nitrogen balances This fa evidence 
that testosterone propionate thcrapj induced a retention of nitrogen, potassium, 
phosphorus, anil sulfur m the proportions that exist in muscle protoplasm 

For further discussion, ^cc text Additional data on thw patient arc published 
elsewhere [Ciue S7 in Fraser, Forbes Albright, Sulkowitch, and Reifcnstein (1941), 
Albright (19 12-10 n),Ca«« I in All right, Parson, and Bloomberg (1911), Reifcnstein, 
Albright, and ^\clls (1915), and Cate JO in Reifensteio and Albright (1947)) 
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The small discrepancy hetueen the meoaured and the theoretical phos 
phorus balances would be elirmnatcd by a 10 per cent error m the intake 
of calcium, pho phorus, or nitrogen This anahoia supports the contention 
that nearlj all of the phosphorus retained as a roult of teatoaterone propi 
onate therapy rs retained eitlierwith bone or mth protoplasm Further 
illustrations of analyses of the calcium, phosphorus, and nitrogen balances 
are gi\en m a pre\ious communication [Reifenstem, /Vlbnght, and Wells 
(1W5)] 

Calculations such as the abo\c ha\c two purpO'C'i (1) to sIiob any 
gross errors m the data and (2) to emphasize anj «ituation where themeas 
ured balances differ from the theoretical balances To illustrate this second 
point it was through calculationssuch as the e that Albright, Bauer, Ropes 
and Aub (1929) showed that one of (he first actions of the pamthyroKl 
hormone is to cause a unnarj cxerotion of phosphonis from a source other 
tlian bone or protoplasm («oe Fig 7, p 19), this source most probiblj u 
the inorganic phoiphorua of bodj flui<L 

in THEORETICAL TOTASSIDM A\T> SULEUE BALANCES 

If the data include measurements of the balances of potas^lUIn and sulfur 
(both constituents of protopla«m), it is possible hkew i«c lodcrn e theoretical 
nitrogen balances from the balances of each of the«e mmerala to compare 
wath the measured nitrogen balance (nde tnfra) The factors for «uch cal 
culations are gn en m. Table 8 Of cour«e if one prefers, one mav dori\ e 
from the measured nitrogen balance a theoretical potassium balance and a 
theoretical sulfur balance to compare with the measured potassium and 
sulfur balances 

\n illustration of theoretical balances inAoUang potassium and Nilfur 
presented (‘'ee Ca<«e No 14, Metabolic Sludj No 7, page 107) In Fig 
150 are charted (A) (he nitrogen balance re«ulting from a fhcrapetiticagent 
(testosterone propionate), (B) the theoretical nitrcgen balance ba'=eil on the 
potassium balance (C) the theoretical nitrogen balance based on the pho^ 
phorus balance after the latter had been corrected for the calcium balance, 
and (D) tlie theoretical nitrogen balance ba«ed on the sulfur balance The 
clo«e corre pondence of the determined nitrogen balance and the three the- 
oretical nitrogen balances is notcworth3 Thus, during the 14 fiie-da) 
periods m which the patient rcceiied testosterone propionate there was a 
retention of 211 3 gm of nitrogen, and the theoretical nitrogen balances 
based-on pota««ium, on phosphorus and on sulfur, re pectneb were 217G 
gm 1C9 G gm , and 181 3 gra The^ figures A\ere obtained from tlie fol 
lowing calculations. 
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Calcotjitions 

I4jtve-iay 

NilroRCn retained 211 3 gm 

Potassium retained SS7 5 m cq 

Tlieorctical nitrogen based on potassium 217 C gm 

potassium X 1/2 7 (factor 6 Tabic 8) 

Phosphorus retained 12 2 gtn 

Calcium retained 1 4S gm 

Theoretical phosphorus based on calcium 0 CC gm 

calcium X 1/2 23 Ibhohl (lD30a)| 

Phosphorus not accounted for mth calcium 11 gm 

Theoretical nitrogen bised oo phosphorus not accounted for 
ivith calcium 1&9 D gm 

phosphorus X U 7 (reciprocal of factor S Table 8) 

Sulfur retained 12 5 gm 

Theoretical nitrogen based on sulfur 181 3 gm 

sulfur X 34 5 (reciprocal of factor £> Table 8) 


Further illustrations of theoretical balances invohing potassium and 
sulfur are given m a previous communication [Rcifenstem, Albnglit, ami 
Wells (I0I5)I 

IV CnARTIVO OP ^fCrtDOLIC J>\T\ 

After hating tried many different kinds of charts the authors fmallj 
selected the one adopted bj Bassett (personal communication) as being 
the most suitable for most types of balance experiments (see Ilcifenstem 
Albright, and Wells (I9I5)J It includes m the same chart the balance, 
the mtakc, and the urinary and fecal excretions 

The method of constructing such a chart (see Fig 157A) isusfollows (V) 
the scale for uitake and balance m gm /2l hr is eixeu ns the ordinate, (B) 
the scale for time (in this casedajs) la gaen ns the abscj^ixa, (C) the lion 
zontal line at 0 of the ordinate is llic baMS Ime to wliicli intake and balance 
refer, (D) the intake is plotted as an area from the ba‘-e line toward tlit 
bottom of the diagram, (H) the excretion is ploftixf ns a hatched area front 
the bottom (i e the intake) toward the top of the di vgr im If the excretion 
does not reach the base hue, a while area is left betneen the cxt.rclion line 
and the base line, this repre^nts a poMtue balance If the excretion 
reaches the base Ime, the bal incc is m equilibrium If the excretion exceeds 
the base line, a hatclictl arc.i in left aboxe the ba-'C line, this repre'cnt&a 
negatu 0 bal uicc T he data arc plotted m amounts per 2 1 hoursalthoiigh 
the mcaMirements arc mule on pools of excreta cmoring tlio metabolic 
periods the fecal excrctionsarechartcdatthebottom, and the urmarj cxcre 
tions above tlie fecal excretions I \ampJei> are given in Fig 7, p 19 and 
Fig 74, p 152 The advantage of tins method of charlmg over the more 
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com entioaal one where the intake and excretion are plotted from the «ame 
base line is that it allows one to focus on the most important feature of a 
balance study, namely the balance (cf Fig 1S7A and B) It will be «ecn 
that both methods are equally go^ in this, respect until the intake is 
changed , this results m the more c<mi\ entional method m a discontinuity m 
the balance 

^^Tiere the data repre'jcnt periods greater than one day, it i* preferable 
to reduce the values to the a\ erage a alue per 24 hours m chartmg If one 
13 charting sei eral measurements thathaieconstant interielationship^-, the 
scales should be chosen so that the units express these constant relation 
ships Thus, when metabohe data referring to calcium, phosphorus, and 
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TKREE-DAY PEROOS 

Fig 157 Two Methods of Charting the Same Metabolic Balance Data 
(A) Method advocated (B) coDventional method where intalwe is plotted from 
same baseline as excretions 

For discussion see text [From neifenslcin Albright and Wells (1045)] 

nitrogen are bemg charted the imits should be chosen so that one unit of 
the phosphorus ^cale equals 15 units of the nitrogen scale and tw o units of 
the caJcHim scale la Tinisdeprotop}asa eqaaJj about 14 7/1,* Cs,fp s) 
bone equals 2^/l,t for example, sec Fig 7, p 19) One objection to 
this method of chartmg is that the calcium *cale is a cry small, when the 
calcium data are important an additional chart A\ith a magnified calcium 
scale may be desirable (see Fig 103, p 203) Relationships between potas- 
sium and nitrogen, and sulfur and nitrogen are treated similarly (for ratios 
see Table 8, for example, «ee Fig 156) 

The authors wish to stre&s the importance of mcluding base line«, aAcr 

• [Benedict (1915)1 
tlShohl (1939a)J 
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age normal Ie\cls and zero points for all data that are charted It isob 
\iousIy im«leculiiig to chart an alteration in the level of a substance unless 
the column roprcscntmg the level begins at zero 

V METHODS OP WALVSIS AND STODV 
The methods of analj sis u«e(l m the Inboratorj are, m general standard 
techniques Urine and stool specimens arc analyzed for calcium bj the 
method of Fiake and Logan (1931), phosphorus by the method of Fisko 
and Siibballow (1925), nitrc^n by the I\.)eldalil method of rolin (1934) 
and potassium bj the method of Fi«ke and Litarazek (1934) The sulfur 
content of the urme is determmed bj the method of Tisko (1921), the ere 
atine and creatimne content of the urme by the method of Tolin (1914) 
[see also Greenn aid and Gross (1924)j Tho 17 ketostcroid excretion m the 
urme is determmed by the modification of the Zunmermann reaction (1935) 
mtroduced by Gallon, Calloiv, ami Lmmens (1938), and sub«oqiicntb fur 
llier modified by Fraser, Forbes, Albright, Sulkowitch, and Reifcnstein 
(1041) The foUicIe-stimuhtmg hormone (FSH) excretion m the urme 
13 determined bj the method of IClmcfcUcr, Albright, and Griswold (1043) 
the “II oxysteroicis' (corticosteroids) m the urine are determined by the 
method of Talbot, Saltzman, Wixom, and olfe (1945) The corticosteroid 
biological actn ity is assa> ed by a modification of the Dobnner, Licbcrman 
and Eggleston (1945) adaptation to mice {see also Eggleston, Dobrmor, and 
Tlhoads (1044)] of the Rcmcckc and Kendall (1942) test on rats 
The following methods have been eraplojcd for eerum calcium, Fi'kc 
and Logan (1931), phosphorus Fiske and SubbaUow (1925), alkaline plics- 
phatase, IJo(hn«ky (1933), potossmm, Fiske end Litarazek (1934), sugar, 
Fohn and Svedberg (1930), chloride, WiUon and Ball (192S), sodium, But 
lor and TulhiU (1931), protein, Lowry and Hunter (193S) and carbon <li 
oxide, Van Slyke and Neill (1924) Tlie basal metabolic rate is determined 
by the closed circuit method of Benedict as motlified b> Roth (1922) 

Ihc methods cmplojod m the accumulation, interpretation, and proven 
lation of data pertaming to metabolic balances, notahl> tho«e of calcium 
pho’phoms and nitrogen are (^l^clls^ed in detail elicwhcrc [Reifenstem, 
Albright, and Veils (1915)] A sjoiopsts of other diagnostic procedures 
can be found in a prev lous communication {Reifenstem (104 J)] 
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in hj'jwriiaratlijroidism, 55 
wirgerj of, m poljostolic fibrous 
dysplas/s, 370 
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Cone (Cont’d) 

rien*enesB o(, id h^•poparath^TOltI^sm, 
32 

destruction See Bone, resorpJjoo 
diagrams, schematic 
of gencraJued rertuj Joca]i2ed bone 
disease, SO 

of h^•pcrparath^ToldlSTn, pnmarj, 
wit'h bone disease, S2, 111 
of normal state of bone metabolism. 
S2 

of osteitis bbrosa gencralisata, K 
of osteomalacia, S2 
of osteoporosis, 82 
of Paget’s disease, 2W 
of Paget’s disease irith acute o«teo> 
porosis of di5U*«, rw 
of polyostotic fibrous dysplasia, dis- 
tribution of lesions in, 26-1, 267, 
279 

direct action of parathyToid hormone 
on, 20 
disease 

alkaline phosphatase as index of. 6$ 
generalized, and local calcify ing fac 
tor at site of injury , 299 
generalized rertut localized, SI 
in areas of skeleton under stress and 
strain in Paget's divasc, 235 
in hyperparathyToidi«m See Os 
teitia &broaa generaluata 
incidence of, in hyperparathy- 
roidism, 62, 71 

localized, lamina dura of teeth 10,90 
metabolic 

classification of, 136 
nature of, $1 

table of di<ordcrs in adulu, 137 
miscellaneous, 03 
See Acromegaly 
See Boeck's sarcoid 
See Cushing’s syndrome 
See IIj'perparstli\roidi«m, pnmar> 
See liyperparathyTOidiam, second 

See flypoparathyroiclism 
See Metastatic malignancy 
See Myeloma, multiple 
See Osteitis fibrosa gcneralisata 
See Osteitis fibrosa foeabsata 
See Q<tcoscu«ia imperfecta 
See Osteogenic sarcoma 
See Osteomalacia 
See Osteoporosis 
See Paget's di«ca*e 
5cc Pohostotic fibrous dysplasia 
See Pseudo hypoparnthyroidism 
cSre Ttena! osteitw fibrosa gen 
erali*ata 

with drcalcifieafion, lack of dccalci 
fication of teeth m, 2 
clxmiiation of, 139 
endochondral 19G 


Bone 

endochondral (Cont'd) 
stimulated by puujtary growth her 
done, ]C6 
endoste^, }3o 

excessM'c turnover of, aroidanre of 
immobilization m therapy of pa 
tients with, 61, 147, o-jq ^ 
formation 

alkaline phoimhatasc as index of, 6S 

and vitamm C, ISO 

appositional, I35 

effect of alana reaction on, 259 

endochondral, lOC 

endosteal, 135 

factors influeneing, 10 

from cartilage, 5, J35 

histological aspects of, 5 

in fracture healing 207 

in osteomalacia, 2u7, ZXi 

membranous, 135 

periosteal, lU, 19G 

relation of gastric mucosa to 149 

relation of serum protein to, }1'>, SO} 

role of alkaline pnosphnia*e in, 6 

role of osteoblasts 10, 3, 5, 10, 22, 5 1, 

role of phosphory fase in, 6 
too great, 136 
too great, in aci 
too little, 130 
trabeculae in, 135 
formula of, 4 

fractures of, romparcil nth lictiditig 
of, bones in tij-perparaihyroiJiw 

fragilitv 

in osteitis fibrosa gencralisnta, 56 
in osteogenesis imperfecta, M 
ID osteomalacia, M 
in osteopetrosis, 63 
gross appearance of skeleton with 
•'osteitis fibrosa generslisata” f’ 
polyostotic fibrous dysj lasia) from 
\on IteckliQghausen, ^2 
growth 

effect of adrenal cortical b (sugar) 
hormone on, 166 

effect of pituitary adrenocorlnwv- 
trophie hormone on, ICO 
effect of iiituiiary growth hormone 
on, 1C6 

sequence of events 10 lack of, in 
rickeu, 237 
histologic sections of 

in h\perparathvTOidi«m. j^-ntarv, 
with bone disease llfl, 137, 
in liJT.erp'irathyroidMm prinsrj, 
without bone disease, rj 
in osteitis fibrost geoerslisals, ItO, 
137.25s 

in Paget’s disease, S$S 
to polyostotic fibrous dysplasi*, 2*2 
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Bone 

histologic sections of (Cont’d) 
m renal osteitis fibrosa ccncrafisata. 
120 

inorganic content of, 4 
intercellular (extracellular) substance 
of, 4, 89, 135 
matrix 

and protein starvation, 149, ISO 
and serum albumin, 197, 2»>1 
and vitamin C, ISO 
description of, 4 6 
formation of, in bone formation from 
cartilage, 135 
in Paget’s disease, 2S5 
insulating trabeculae from bod> 
fluids in osteomalacia, 206 
lo» priority rating for ammo acids 
of, m acromegaly, 189 
uncalcified osteoia seams rn ostco 
malacia, 10, 136, 144, 207, 25C 
uncalcificd osteoid seams In renal 
osteitis fibrosa ^neratiaata, 231 
membranous, 135 
roetastaacs 

and cancer of breast^ 92 
and cancer of bronchus, 92 
and cancer of kidneys (byper 
nephroma), 92 
and cancer of prostate, 92 
and cancer of tloroid, 92 
and hypernephroma, 92 
in metastatic malignancy, x ray tr 
radiation of, effect on calcium, 
phosphorus and ulkahne phos 
nhatase m scrum, 93 
table of effect of x ray irradiation on 
blood chemistry m, 94 
X ray Idms of pelvis with, m hyper 
nepfiroma 92 
mosaic structure of 
and Paget's disease, 285 200 
lack of, m polyostotic fibrous dys 
plosia, 272 
osteocytes in, 4 
periosteal, 135 190 
not stimulated by adrenal cortical N 
(nitrogen) hormone W 
phospbonzed tissue m, 136, 205 
physiology of, 10 

ranfied, calcium in urine in diagnosis 
of, 303 

remodeling of, 136 
resorption, 5 

direct action of paratliy roid hormone 
on 20 

effect of acidosis on, 0 20, 116 
effect of alkalosis on, 301 
effect of rnkium intake on, 149 
effect of parathyroid hormone on, 21 
effect of phosphorus intake on, 14J 
factors inlluencmg D 
hiBtolocical aspects of, 5 
initial lesion, in Paget's disease 286 


Bone 

resorption (front'd) 
role of osteoclasts in, 3, 5, 22, 24 
too little, 136 
too much, 136 
salts of 
apatite, 4 

dah!ite,4, 5, 6, 8 9, 10 
dissolution of, to combat acidosis 
242 

tenderness, in In perparathy roidnm, 55 
trabeculae 

in osteitis fibrosa gencrahsata, 2S5 
in osteogenesis, 

IQ Paget's disease, 285 
tumors 

andhypcrparathjToidism 55,57,114 
and Paget’s disease, 285 
areas of predilection of, in hyper 
parnthyroidism, 57 
X ray appearance of, 57, 112-114 
turnover of 
calcium in, 1 

IQ osteitis fibrosa gencralisata, 15 
in Paget’s disease, 2S5 
Jack of in hyperparathyroidism 
without bone disease 63 
types of Dstcocencsis, 135 
uncslcified 136 

X ray hlms of, showing immobiliied 
DODO versiii cot immobilized bone 
in acute oBlcoporosis of disuse, M 
Drachydactyly in pseudo hypoparalhy 
roidism, 41 

Dram 

increased intracranial pressure m hy 
poparatbyroidiem, 23 
mental retardation 
m bypoparalhyTOidiam 2S 
in poly ostotie fibrous dy splasia, 272 
nitrogen to phosphorus ratio in, 305 
tumori simulated by hypoparathy 
roidism, 2S 
Breast 

twoe roetastoscs in cancer of, 92 
loss of calcium in lactation, I 
Brittle bones and blue scicrac See Os 
teogenesis imperfecta 
Bronchus 

lionc Rietostascs in cancer of 92 
' Buffalo bump" in Cushing's syndrome, 
165 

Calciferol, 122 See \it3min 1) 
Calcification, metastatic 
lu hyperparalliyToidism, 65, 67 
tn hvpoparathyTOidism, IS^ 2S, 45 
in Paget’s disease after immobiliza 
tiUD, SOI 

in paratliy rotd poisoning 77 
in pseudo hypoparathyroidism, 45 
in renal osteitis fibrosa gencralisata, 
US 

in vitamin D poisoning, 95 
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Calcium 

absoqilion See Calcium in gastro 
inlesiinnl tract 
and nitrogen balances. 303 
nvaiHbIc for neutralising acids in 
urine, 242 

balances chart of inter rclationaliips 
of phosphorus, nitrogen, and cal- 
cium balances, 301 
costs in urine 
in hypcrparathjTOidism, C5 
in ^ilk drinkers’', 65 
content 
of bone, 1 
of fetus, 2 
deposits 

in ejes, with hypercalcemia, 67, 9S 
in lijperparatnjroidism, primaro, 
65, 67 

in hyperparathyroidism, secondary 
iSce Calcium deposits in renal os 
teitis fibrosa generalisata 
m hypoparathyTOidi'im, 23, -tS 
in organa with localized alkalosis, 77 
in parathyroid poisoning, 73 
m pseudo hypoparatbyToidism, 45 
m renal osteitis fibrosa generalisata, 
118 

in Vitamin D poisoning, 05 
deprivation, and Uyperparathy 
roidism, 46 

excretion See Calcium in feces. Cat 
cium m gastro intcstmal tract, 
Calcium m urine 


in bile, 23-1 

in bone ’ 

composition of, 4, 242 
formula of, 4 
m diet 

charts of metabolic effects of, CS, 126, 
220 

effect of 

on bone resorption, 140 
on calcium and phosphonu in 
feces, 125 

on calci'>m in urine, 31, 75 
on pho«phorus in urine, 126, 220 
in feces 

after feeding entirely b> vein, IS7 
effect of androgen on, 159 
cifLct of calcium intake on, 125 
effect of dihydrotachysterol on, 36, 
131 

effect of estrogen on, 15S, 192 
cfTect of phosphorus intake on, 12J 
effect of vitamin D on, 122, 23C 
excretion of, 1, 23a 
in acromegaly , ISh 
in hyjierparathyToidism, primary, 
OT, 134 

in hyperparathyroidism, secondary 
See Calcium in feces in osteo- 
malacia 


Calcium 

in feces (Cont’d) 
in hapoMlamiiioais D, 218 
in nliopathic hyjx rcdciin t, 129 
in osteomalaci i, 1>2, 121, 129, 2IS, 
221, 221 

in steatorrhea, 221 
in thyrotoxicosis ]|9 
in vitamin D deficiency, 218 
in vitamm D resistance, 124 221 
methods of analysis of, 311 
in foods, 75 

in gastro intestinal tract 
effect of acid intake on absorption of, 
119 

effect of alkali therapy on absorption 
of, 235 

effect of calcium intake on absorp 
tion of, 125 

effect of dietary fat on absorption of, 
224 

e^ect of dehydrotnehy sterol on ab 
sorption of, 36, 131 
effect of phosphorus in gastro in 
tcstinal tract on absorption of, 121, 
125 

effect of vitamin D on abaoriition of, 
«), 125, 235 
excretion of, 1 

formation of insoluble calcium phos 
piiatc by, 00, 120 
in milk, human <Sce X<aclation 
in scrum 

and prolonecd calcium chloride 
therapy^, 3» 

chart for determining calcium ion 
concentration from protein in 
scrum and calcium in scrum S 
chart of relationship to phosphorus, 
14 

diffusfhJc, 7 

effect of aluminum hydroxide on, 23 
effect of dihyiirotachy sterol on, 131, 
131 222 

effect of paruthyroiil hormone on, 
10 131,222 

effect of scrum protein on, 7, 73, 92, 
00 

effect of Mlamin D on, 127, 131, 131, 
222 

effect on calcium in urine 15 _ _ 
hipercalccmia, 11, IS 31, C3, 72, 
77 81 91, '12 91, 95 'JO, P'', 992 
141. 148, ?J0, .‘•tS, 303 
ann nisopluryngcal simptoms, 
30 , 

cause of, ill nialig 

nancy, 93 

clmieal findings due to nyiirr 


iDcidcn_ec of, m l.yjwrjjarathyToiJ 
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Calcium chloride (Coiit’d) 
renal disorder \Mth bypocatceinia and 
hypercalcuria from prolonged 
therapy nith, 39 

therapy with, m hypoparathy- 
roidism, 38, 40 
Calcium citrate, in serum, 7 
Calcium gluconate 
dinger of giving u ith digitalis, 40 
effect of, on calcium in urine. 23 i 
sire of paratbjriod gland reduced by, 
47 

therapy with 

m hypoparathyroidism, 38 
in osteoaiafacia, 23-1, 200 
m post pirathyroidecfomy tetany. 
113 

m renal osteitis fibrosa gencraljgatu, 
120 

in tetany, 40 

Calcium hydroxide, in bone, 9 
Calcium lactate 

danger of giving nith digitalis, 40 
therapy with 

m hypoparathyroidism, 33 
in |)ost parathyroidectomy tetany. 

Calcium phosphate 
casts, in urine 
and p}I of urine, C5 
m hyperparathjToidism, 05 
insolubm m gastro intestinal tract, 
06, 120 
salts of 
primary, 0 

secondary, 9, 11, 12, 14, 1C 
tertiary, 7,0,11, 12, 14 
sand in urine, in hj pcrpiu-athy 
roidism, 63 

Calcium to pliosphonis ratio 
in bone, 4, IS, 175 3t)3, 307, 3o0, 310 
in hidncy stones, 62 
Calcul itions 

of components of niusclo prot<>pla5m, 
303 

of theoretical imntril balances, 303, 
305, 308, 300 

Calculus, renal Ste Tscphrolithiasis 
Callus in fracture healing, 207 
Canter 

estroeen llwr.vpj aiiimasaicTcq inter 
mittentlv to avoid danterof, ICO 
of adrenal gland, and Cushing’s syn 
drome, 163 

of breist, bone nittaslisgs iii, 93 
of bronchus, bone metoslascs m, 92 
of kidneys (hyiwrncphronia) 
bouc metastascs in, 93 
clinical ci-io history report «j, 93 
of parathyroid glands, incidence of, lo 
hyiierparathyruidisiii, 30 
of prostate, bono metastasis m, 92 
of UiyTOid, bone metoslascs iQ, 92 


Cancer (Cont’d) 

Sirs Metastatic malignancy, 02 
vapnal smears to 3\oid danger of, 
With estrogen therapy, 160 
Carbon diovidc, m scrum 
m osteomalacia and renal acidosis of 
tbo ranconi syndrome type. 260 
in osteomalacia and renal acidosis of 
tlio tubular insufficiency without 
glomerular insulhcicncy tjpe, 260 
Carbonate, calcium bte Calcium car 
bonate 

Carbonate everetion by kidney to com 
bat alkalosis, 2i2 

Carbaiiic ociif, m urine, chart of bicar 
booate and, 213 

Carcinomata of parathyroid glands, 30 
Carotinoid scrum, m osteomalacia due 
to steatorrhea, 223 

Carpopedal spasm, in hypoparathy 
roidism, 2S 
CarliKgo 

and lock of skeletal groxtlh ia rickets, 
237 

and osteogenesis, 5, 135 
bonn formation from, 5, 133 
epiphyseal 
early closure of 

m ailrcno genital syndrome 107 
m pseudo hypoparathyroidism 44 
effect of catabolism on groivth of 160 
m “renal” rickets (renal osteitis 
fibrosa gcncralisata), 116 
in ' true” nekets (osteomalacia in 
rbildren), SS, 205, 230 
111 scurvy, 130 

lack of involvement of, in Cushing’s 
syndrome, 181 

slipped femoral epiphyses in renal 
< stcitia fibrosa gcncralisata, 116 
rachitic, studies of, 15 
traliccuiac formation from, 135 
xoDc of provisional calcification in 
135, 205 

Casern hydrolyt,ato 
clurt of mclnliolic effects of, 200 
therapy with, m osteoporosis, 1S7, 198 
Casts, calcium See Calcium, costs 
Cement lines See Ikine, cement lines 
Ccucntohlasts See Osteoblasts 
CiiM-tiDg of mola}/o}ic data 
illustration showing t»o methods of 
cluirting bainc balance data, 310 
rocthofls of, 309 

Charts See Iliustrations, charts 
Qicinical ilcath 

tn imniobihccd Paget’s disease, 299 
m lurulhy ruul poisoning, 79 
JO viliuniij D jioisoDing, 93 
Chemist ry 

of blood See lllood chemistry 
of kidney stones hr« Ncphrolithia 
BIS, ty pcs of stones 



phosphorus m, in scrum, 4 
Chloride, ammonium See Ammonium 
chloride 

Chloride, calcium Ace Calcium chU» 
ride 

Chloride, in serum 

m osteomalacia and renal acidosis of 
the Fancom syndrome t>j>e, 2C0 
in osteomalacia and renal acidosis of 
the tubular iiisufliciency nithout- 
glomerular msulBciency type, 2C0 
Chiostek’s sign 
in hypoparathyroidism, 32 
in normal individual, 33 
Citrate, calcium See Calcium citrate 
Citrate, potassium See Potassium 
citrate 

Citrate, sodium See Sodium citrate 
Citric acid therapy with 
m osteomalacia, 234, 260 
m renal osteitis fibrosa generalisata, 
11‘J 

Clinical case history reports 
acromegaly, 190, 192 
alarm reaction to spinal fusion, 185 
androgen therapy IM, 162, 167, 171 
Goeck’s sarcoid, 97 
Cushing’s syndrome 167,171 
estrogen therapy, 151, 153, 151, 162, 
167, 171, 190, 192, 19S 
fractures. So, 295 
hyperoephroma, 93 

hyperparalhiroidism, primary, 59, 70, 
7^ 104, 107 
with bone disease, 107 
without bone disease, 70, 70, 104 
with parathiroid adeooma, 59, 76, 
107 

with parathjroid liyjicrtrophy, 70, 
104 

with renal disease, 50, 70, 76, lOt, 
107 

hyperparathyroidism secondary, 118, 
211 225, 237, 239, 250, 2o2. 253, 
254 

hypoWahemia syndrome, 253, 254 
idiopathic osteoporosis, 198 
list of, NSV 

metastatic malignancy with bone 
metastases 93 

Milkman’s syndrome, 211, 225, 237 
osteitis fibrosa localisala S5 
osteomalacia, 211, 225, 237, 239, 250, 
■IHT, TsS, -JSi' 

osteoporosis of disuse^ acute, 85, 295 
'^aget's disease (osteitis deformans), 
154, 295 


renal acidosis 237, 239, 2u0, 252, 254 
renal osteitis fibrosa generalisata, IIS 
senile osteoporosis, 162 
steatorrhea, 225 

Codfish vertebra (fish Lone aertebra), 
55, 142, 176 

Coeliac disease and osteomalacia, 224 
Collagenous material of bone See 
Gone, matrix 

Compound E, 1G6 See Adrenal cortical 
hormones, S (sugar) hormono 
Concretions, renal Sec Nephrocalcmo 
SIS, and Nephrolithiasis 
Congenital disorders 
and bypoparathjroidism, 27 
osteogenesis imperfecta, 88 
osteopetrosis, 140 
ovarian agenesis, 161 
Constipation 

in b^iierparathyroidism, 65 
in vitamin D poisoning, 05 
Convulsions, in hypoparalhjTOidism, 23 
Corlicosteroul biological activity See 
Adrenal cortical hormones, 
S (sugar) hormone 

Corticosteroids See 11 Oxycorticostcr 
Olds 

Corticosterone, 166 See Adrenal cor* 
lica! Iiormones, b (sugar) hor* 
inonc 

Corlm See Adrenal cortical hormones, 
S (sugar) hormone 

CounUrsbock phase, lb3 See \larm 
reaction 
Cramps 

of extremities in hyiioparathjToidism, 
28 

with menstruation, as an indication of 
presence of ovulation and score 
lory cudumetrium, 277 
Creatine, afilmty of, for phosphoric flcid 
increased by parathyroid hor- 
mone, 20 

Creatine phosphate in scrum, 0 
Cushing a B>n(lrome 
adienal cortical hormones in, 1G5 
adrcoocorticotrophic hormone of pi 
tuitory in, 165 

aud cancer of adrenal gland, 165 
and osteoporosis, IBS 
blood chemistry in, 1G5 
bone 

aluvumr .iij .1/17 
See Osteoporosis 
X ray films m See Cushing a 
syndrome, x ray films in 
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Cushing's Bjudromp 
bone (ContMJ 

growth in, compared with that in 
adreno ccnitar syndrome, iC8 
c luse of, IC5 

ciurts of metabolic and climcal data 
in, ICh, 172, 174, 30Q 
clinical case hislorj reports m, 107, 171 
clinical features of, 163 
diabetes of insulin resistant tyiic in, 
165 

diagrams, schematic, m, of verlcbm 
before and after recovery. 180 
follicle stimulating hormone ot pitui 
tarj in, 170, 173 

horniono production by adrenal cortex 
in, 16^107 

diagram, schematic, of, 17Q 
cltect of androgen Iberapy on, 170 
evidence that N (nilrogeni hormone 
IS anabolic in action, 167 
evidence that S (sugar) hoimone is 
anil anabolierathcrthaocalabolic 
in action, 160 

BimifariCy to hormone production m 
alarm reaction, 185 
17 kctosteroids in, in unne, 170, 173 
inelabolio studj reports m, 167, 171 
11 ux>corti(.oatcroids in, m unne, ICS 
pchis in 

prcdilcctiou of disc ISO for, 175 
X ray dims of, 178, 176 
photographs of paliciils w ilh, ICO, 182, 
lfc3 

S (sugar) hormone of adixinal cortex in, 
ill unne, iC5 
therapy of 
androgen in, 173 
estrogen in, 17S 

X riy irradiation of pituitary gland 
in, 177 
vertebra in 

diagrams, schematic, of, before and 
after recovery, 180 
predilection of disease for, 175 
X ray films of, 176, 177 
wrist m, X ray films of, 181 
X ra> films in 
ot pelvis 178, 170 
ot vertebra 170, 177 
of wrist, 181 

Cyalofboiie 8ee Bouc, cjsl 

Cyst of bone, solitary Osteitis 

fibrosa localnuta 

Cystine deposits and ranconi syndrome, 
2o'J 

Cystine kidney stones &ee Ncpliro-* 
hthmsis 

Cyslinosts and rancoui syudromo, 258 

Cjstniuni, hereditary 
ami iieplirohthiuais, 2o9 
hyptr amino iciduna in, 239 


Oahlito See Bone, salts of 
Z^ecatcificatioa 
of boiio 

aud osteoporosis, 142 
tn acidosis, U, 20, IIG 
in hyperparatliyToidism, 20, o5, 57 
in Osteitis fibre:,'! geiieralisjta, H4 
in icnal osteitis fibrosa generalisjta, 
0, 20, 116 
of teeth 

lack, of, m bone diseases w ith drcal 
OficAtlDl), 2 

lock of, in pregnancy, 2 
Decay of teeth oce Teeth, dccij 
Definitions 

ocatcification versus (ftcalcificalion, 1 
antt anabolic tmus catabolic, 1C6 
bono, 130 
oppositional, 135 
calcified 136 
endosteal, 135 
membranous 135 
periosteal, 135 
trabseuJee, 135 
uncalcified, 13G 

cysts lersus pseudo cysts of bone, 57 
113 

fixed base, 2-15 

generalized bone disease icrsus local* 
utid bono disease, 81,284 
hyjierlroiiliy of parathWoid xlanda 
hyperplasia of parathyroid 
glands, 5) 

inorganic phosphorus comiiouiids 
tersits organic phosphorus com 

E nds, 1 

sney m kidney disease, 227 
metabolic bone disease, 81, 130 
Milkman’s syndrome, 
osteiiia fibrosa gcucratisaU 5i 
osteomalacia and rickets, 205 
ostcofmrosis cersirs osteomalacia tersus 
osteitis fibrosa gcncralisatu, 141 
primary hy perparathyroufiam i crju* 
secondary hyjicrparalhy roidism, 
IG 

I>rinuiry hyperplasia of parathyToiJ 
glands irrsu* secondary hyjKrpla 
6ia of parathyroid glands, 51 
pscudofracluro rtrsus pscudoarlhrosis. 
203 

satumlion, undcrsaturalion, iind 
suporsaturation of body fluids 
with c.a]ciuin and phuapborus 
wns, 9, 17 

serum phosphorus ifrsus scrum irior 
gonic plinsphorus, 4 
sum of ♦ the - base - sparing - mocha • 
nistna (SB S ), 215 
Utratahlo acidity mums COt, 215 
Ime precocity, 267 
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scojccr I^oBx 


Deh>dratiaD 

la hj perparathjToidiam, 81 
in paratmTotd poisoning SI 
7 DeMdrocnolesterol, actuated, 122 
See vitamin D 

Deh><Jroisoandroslerone acetate, 173 
See Adrenal cortical hormones 
Dentine 

acalciGcation of, 2 
formula of, 4 

Diabetes insipidus, simulated by h>pcr- 
parathvToidism, oO 
Diabetes melbtus 
and osteoporosis, 145, 150 
bone disease in See Oateroporosis 
Diabetes of insulin resistant tj'pe m 
Cushing’s e\ ndrome, 165 
Diagrams See Illustrations, diagrams 
Diet 
acid 

chart showing \ alues in various diets 
compared nith base spanng mech 
aomms, 246 

effect of, on absorption of calcium 
from gastro intestinal tract, 119 
effect of, on sum-of base sparers, 
calcium metabolism and potas 
Slum metabolism, 247 
ilkaUne 

effect of, on sum'Of base sparers, 
calcium metabolism and potas 
Slum metabolism, 247 
excessive, blood chemistry in, 35 
and Cushing’s syndrome, 16C 
calcium 

charts of metabolic effects of, C3. 
126, 220 

effect of, on calcium and pho<pborus 
in feces, 90, 125 
calcium, high 

danger of, m hyperparathyroidism 
with bone disease, 79 
effect of on primary b^perpara 
thjTDidism. 68, 99 
not indicated, in therapy of osteo 
porosis, 161 
therap> with 

in h>perparath>TOidism, second 
ars 120,217,224,235,200,262 
m osteomalacia nith hypo\i(a> 
minosisD, 217, 220,224 
in osteomafacia with idiopathic 
hj-percalcuna, 2G2 
in osteomalacia with renal acidosis 
of the hanconi Bjndromc tape, 
200 

in osteomalacia with renal acidosis 
of the tubular in^ulhcicncy- 
without glomerular • insufiici 
enc) t>pe, 235 

in osteomalacia with resistance to 
vitamin D, 220 


calcium, high (Coat’d) 

in osteomalacia with steatorrhea, 
224 

IQ osteoporosis, not indicated, 16L 
m Paget's disease, 301 
m post parath>-Toidectomj tet- 
an>, 113 

in renal acidosis, 120, 235, 200 
ID renal osteitis fibrosa generalis 
ata, 120 
calcium, low 

in determining amount of calcium in 
urine, 75 
tberap) with 

m nyperparathvTOidism, primary, 
1^,99 

m b)pemtaminosis 95 
in parath>Totd poisoning, 79 
ID syndrome resulting from pro 

3 * ;d and excessive intake of 
and alkab, 93 

effect of, on booe resorpiioo, 149 
fat 

effect of, on absorption of calcium 
from gastro intestinal tract, 224 
effect of on absorption of fat soluble 
vitamins, 223 
fat. low 

therapy with, in steatorrhea, 224 
milk 

contraindicated m therapy oi hyper 
paralhyroidism, 70 
contraindicated in therapy of hjpo 
paraibyT0idi$m,38 
neutral 

effect of, 00 sum of base sparers, 
calcium metabolism and pot*is 
Slum metabolism, 247 
phosphorus 

charts of metabolic effects of, 21. 124 
effect of, on fecal calcium and pbos 
pbonis, 120 125 
phosphorus, high 

effect of, on primary hyperparatby 
roidism 21, 99 

not indicated, in therapy of osteo 
porosis, 161 
therapy with 

in osleomalaua with rcoal acidosis 
of the Fanconi syndrome type, 
207 

in Osteoporosis, not ludicated, IGl 
in Paget’s disease, 301 
phosphorus, low 
therapy with 

in hyperparathjroidism, primary, 
99 

ra hypervitaminosis D, 96 
in hypoparathjToidism, 3S 
ID post paratbyTOidectomy ttl 
any , 109 



SUBJECT IVDEX 


353 


Diet (Cont'd) 
protein 

chart of metabolic effects of, 2Q2 
effect of 

ou 17 kctosleroids in urine> 201 
on 11 OX} corticosteroids in urine, 
201 

protein, high 

cITcct of, on idiopathic osteoporosis, 

therapy with, m osteoporosis, ICO, 
197 
role of 

m etiolog} of osteomalacia, 217 
in etiology of osteoporosis, 147, 185, 
197 

sodium chloride, low 
therapy with, in edema lu patients 
receiving steroid medication ICO 
Dicthylstilbestrol, l&l, 190 203 Set 
Estrogen therapy 

Digestive tract See Castro inlestina) 
tract 

Digitalis, danger in administcnog cal 
cium m patiocta receiving 40 
Dihjdrotachyeterol 
charts of metabolic effects of, 37, )2S, 
132 222 
effect of 
oil calcium 

absorption from gastro intestinal 
tract, 30 131 
III feces, 30 131 
in scrum, 30, 131,131,222 
oil iihosphorus 
in scrum, 131, 131, 222 
in urine, 20, 131 
studies of action of 131 
lihlo of rclatne effect of paraUoroiil 
hormone, vitamin D, iiid, 134 
therapy with 

in h>pupurnth>roidiBm, 35 
in osteomalacia and resist nice to 
vitamin D, 221 

in post parathyroidectomy tetany . 
109 

m pseudo hypoparathyroidism, 44 
Diurcnis III hyperparathyroidism, 59, 
81 

Dyschondroplosia 

and polyostotic fihrous dysplasia 26(, 
273 

and pseudo hypoparathyroidism 45 
Dy aplasia poly uaUitic fibrous 5’e«PoI> 
oslotio fibrous dysplasia 


auditory acuity in hyi>eriiarathjronl 
ism, ftO 

ulusclerosiB in osteogenesis un|>er 
fccta, 89 


Edema 

ammonium cldonde in therspy of, m 
patients recciMng steroid medi- 
cation, 160 

low sodium chloride diet m therapy of, 
IQ patients receiving steroid mcdi 
cation, 160 

CIcphantiaMs in neurofibromatosis, 270 
Electrocardiogram 
changes m Rypcrparathyroiilism, 65 
changes in hypoparathyroidism, 33 
changes w ith low scrum potassium, 228 
LEcincntal phosphorus poisoning, 139 
X ray films in, of wTists, 138 
Ellsworth Howard lest (jiho^phorus di 
uresis test with parathyroid hor 
mone) 44 

Fnanicl formula of, 4 
Eodocniio disorders 
acromegaly, 188 

ailaptaiioD syndiomo of Sclyc See 
Harm reaction 
Addison's disease, 27 
adreno genital syndrome 169 
and osteoporosis 160 
and Poget’s disease, 289 
and po^ostolic fibrous dy^ilasia, 267 
Cushing B syndrome IQo 17o 
diabetes insipidus 59 
duhcics mell/lus, Hi, ISO 
eunuchoidism IGl 
hypcrpornlhyroidism, primary, 46 
hyperparathyroidism sticondary, 115 
h>(>crthyroiiii&]n, UJ 189 
hypotstnnism, cungcmUl, 101 
hypogonadism, 161, iOd 
liyiKiparathyruidism, 27 
hypothyroidism, 40 
myxedema, 40 
ovarian agenesis, 161 
pancreatic tumors, 48 
panhypopituitarism 27,161 
pineal symlrome, 209 
pituitary tumors, 18, 188 
post menopausal osteoporosis, 15(1 
precocious menstruation, 2b7, 277 
pseudo hypoparathyroidism, 40 
bCQiIc osteoporosis 162 
sexual precocity 266 , 20J 
thyrotoxicosis 149, 189 
r nzymea See PLosphatnso, ami Piios 
phory lose 

loisiuopliilic granuloma iSee Liixnd 
granulomatosis 

Eosinophilic tumors See Pituitary tu 
mors, and Vcronugaly 
1 pilcpsy in hypoparathyroidism, 28 
1 piphyscs See Cartilage, rpiphyscil 
Pliiphysitis, X ray films in, showing in 
vutvemenl of icrlehrae. ICI 
I pulls and h%|)crparalhyroiiiism, 57 
1 rb 8 sign in bypoporathyroidism, 33 
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Ergostcrol, irradiaict], 122 Sft Mta 
nun D 

Errors m metabolic data, methods of 
delermimng, 3b3 

EsopiiaguSj X ra} lilma of, in demon 
stratiDg p3rjth\roid tumor, use 
of banum in, 101 

Estradiol benzoate, 151, IGO, 167 iSre 
Estrogen therapy 

Estradiol dipropionate, 160, 190, 199 
See Estrogen tberapj 

Estnn Sf« Estrogen 

Estrogen 

and acromegah I 190 
and congenital hj ]>oeatnmsin, 161 
and ovanan agenesis, 161 
dehcienc} and osteoporosis, 150, 161, 
190 
eficct of 

on alkaline phosphatase m serum, 
15S, 196 
on calcium 
in feces 15S, 190 
in unne, 15S, 192 

on follicle stimulating hormone of 
pituitary loS 

on 17 ketosteroidsm unne, 15S, 159, 
162, 192 
on phosphorus 
in feces, 153. 192 
in serum, laS, 190 
ID unne, 153, 192 

pellets, 160 See Estrogen therapy 
thcrap> with 

charts of metabolic etfects of, 152, 
155 157. 183, 172, 174, 191, m, 195, 
199, 203 204, 306 

clinical case history reports lo, 151, 

153, 154, 162, 167, 171, 190, 192, 19S 
in acromegaly, 190 

iQ Cushing’s syndrome, 175 
in idiopathic osteoporosis, 197 
in old males recoiling androgen tber 
apy to avoid overstimulation of 
prostate, 184 

in osteoporosis of disuse, 147 
in osteoporosis with alarm reaction, 
185 

m ostcuporous nilh surgical opera* 
tions, 147 

in Paget's disease, 301 
in post menopausal osteopon^is, 
loO, 15S, 159 

in senile osteoporosis, 150, 15S 
in young males, contraindicated 
liecausc of danger of producing 
stenlity , IS5, 301 

intermittent administration of, to 
avoid danger of cancer, IGO 
iiiternuttent adminislrition of, to 
avoid vaginal bleeding not accord 
log to plan 160 

metabolic study reports in, 151, 153, 

154, 102, 167, 171, 190, 192, 198 


Estrogen, therapy mth (Cont’d) 

vaginal smear examinations, to 
avoid danger of cancer in. IGO 
Estrone sulfate, IGO See I^strogen ther- 
apj 

Eunuchoidism and osteoporosis, 161 
Excretion 
of calcium 
lo feces, 1, 235 

after feeding entirclv bv vein, 1S7 
effect of androgen on, 159 
eiTeet of calcium intake on, 125 
effect of dihydrotochy sterol on, 
36, 131 

effect of estrogen on, 158, 193 
effect of phosphorus intake on 125 
effect of vitamin Don, 122,23a 
formation of insoluble calcium 
phosphate, 96, 120 
See Calcium, in feces 
ID milk, human See Lactation 
in unne 

effect of alkali (hcrapv on. 234 
effect of ammonium chlonde on, 
249 

effect of androgen on, 149, 159, 173 
effect of calcium m serum on, 15 
effect of calcium gluconate on 234 
effect of estrogen on 1^,192 
effect of milk intake on, 34 
effect of parathvroid hormone on, 
11, 73 

effect of potassium citrate on, 231 
effect of sodium citrate on, 234 
effect of sodium lactate on 234 
effect of vitamin D on, 95, 127 
See Calcium, in unne 
of phosphorus 
m feces 

after feeihng entireh by vein, 187 
effect of aluminum hvuroMde on, 
38, 96, 121 

effect of calcium intake on 135 
effect of estrogen on, 15S, 192 
effect of parathyroid hunnone on, 
17 

effect of phosphorus intake on, 125 
effect of vitamin D on, 122 
formation of insoluble calcium 
phosphate, 9t>, 120 
See Phosphorus, in fcccs 

effect of diliydrotachv sterol on, 
36, 131 

effect of estrogen on, 158, 192 
effect of high pho«phate intake on, 
21.99 

effect of paralhy roid homionc on, 
11 

effect of vitamin U on 138 
See Phosphorus, in unne 
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rxtrnceHulnr fluid to nitroepn ratio n 
protofiJasni &ec l\Hro^ai to cx 
traccUuUr fluid rntio m proto 
pi Iblll 

Exlracellulir subslance or bone ice 
Intercefluhr sulMtaiicc of bone 
Extract 

h\cr 5ce Liver extract 

paralh>Toid See i’sialhjroid lior 
mono 

stomach See bloni icli extract 
Ejea 

bind keratilia in 
in hiperparathjroidisin, 67 
in siTidromc resulting from pro 
loiixed and excessive mtnko of 
milk and alkuli, C7, OS 

blue ecicrae in, in as(eog;ciiesia iniiier 
fccta, SO 

calcium deposita m 
m IJocck’a sarcoid, G7 
in hi percaiccmia, 67, OS 
in hyperparathjroidism, 07 
in siTidromo resulting from pro 
lonecd and excessive intake of 
milk and alkali, 67, OS 
m vitamin D poisoning, 07 

cataracts m 

in hypoparathiroidism, 2S 
tfl oeteamaljeii aaJ sicatorrhea Jae 
to sprue, 2S 

ahuked discs m, m hypuparathiroid 
ism, 2S 

focusing of, m hipcrparuthiroidism, 

00 

lesions in, due to hipcrcalccmia, 67, 
08 


Pace 

“muon face” in Cushing's syndrome, 

m 

roundiicss of, m pseudo In ix>p iratli} 
roidism 44 

runiily periodic paralisis and Ion potos 
Slum sindrome See yotassium 
in scrum, hipokulamia 

I aiicoiii Si iidromo iSrc Ostcomal icm 
Aftd s.ixxtosxa \it Uwi I 

sindromo ti{w 

ranconi av-ndromo auii imiD<i>ul>ctcs, 
257 

ranconi siiidrome and cistinusis, 2aS 

hat'Calorically c<{uivaleiit -to proto 
plasm, ratio to nitrogen 6re 
nitrogen to fat • caloric dl> - 
equivalent to protoplasm ratio 

lat 

deposits, in Cushing’s siiidromc 1C5 

lu diet, cflccl of, on ubsurption of cal 
rium, 22t 

lu fccea, in steatorrhea and ebronte 
pancreatitis, 224 


Fecal 

calcium See Calcium, in fices 
cxcictlon, after feeding cntireli by 
vein, 187 

phosphorus See Phosphorus, in fcccs 
lemalcs, incidcnco of hificrparathi 
roidism in, 47 
bemur, \ rai films of 
m ncuto osteoporosis of disuse, So 
IM neurofibromatosis, 
lu osicitia fibrosa lotalisata, S5 
m osteomalacia and renal acidosia of 
the tubular iiisufliciency without 
glomerular nisuflicreticy tiqic, 236 
m Paget’s disease, 207, 20S, 300 
Fetus calcium content of, 2 
Fever effect of 

on 17 ketosteroids in urine, 201 
on 11 OX) corticosteroids in urine, 201 
Fibrous displasia See Poliostotic fi 
brous dvsplasia 

bibuls X f«> films of m primari hyper 
parathi roidism, 112 
Fingers 

sequence of development of cpiphisca 
of, 44 

shortness of, in pseudo bipoparathv 
roidism, 44 

Fishbone vertebra iSte Codfish vir 
tebre 

Fluoride, sodium iSre Sodium fluoride 
Folic acid, therapy with, in steatorrhea 
duo to non tropical sprue, 224 
1 ollielc stimulating Aormone, pituitary 
effect of estrogen on, ISS 
effect of progcslerono on, 15S 
in acromegaly, 190, 192, 104 
m Cushiug’ssvadrome, 170, 173 
in hipogonauism and osteoporosis, 
101 

in Paect'a disease, 15S 
in poHoslotic fibrous displasia, 2t/9, 
277 

m l>ost menopausal osteoporosis, 151, 
153, 150, I5S 

in senile ostcojxirosis, ]C2 
methods of analisis of, 311 
Foot, X rav films of in ncuto ostcoporu 
svauf <iieaian,h0 

Foreign hodi giant cells and osteoclasis, 
5 

Fractures 

and hijicrcultrmu vvilh immobiliza 
tion,S4, lJ0,29o 
mil liviwrparathiToidiiim, 50 
and Milkman’s si ndromc, 2U6 
and osteitis fibrosa locatisata, S5 
and Osteogenesis imjicrfLcta, bO 
and Osteomalacia, 50, 2U0 
and ostcot>on>sis, M 
and Paget's disease, 295 
and i)oI)ostoUo fibrous displasia, 2u3 
and post menopausal ostcoiKimsis, l^J 



356 


SUBJECT INDEX 


Fractures (Cont’d) 
bone formation in heabng of, 207 
calcium in, in urine, S5, 185, 205 
clinical case history reports in, 85, 205 
in growing children, 84 
in old women, effect of hormooe Uier 
apy on, 159 

17 kctostcroids in, in urine. 299 
rapid healing of, m Paget’s aiscase, 29S 
See Alarm reaction 

symmetrical, in osteomalacia and 
Milkman's syndrome, 210 
Fragihtas ossium See Osteogenesia im 
perfects 

FSH See Follicle stimulating hor- 
mone, pituitary 


Gastric mucosa and bone formation. 
149 

Gastro intestinal tract 
alkaline phosphatase in, C 
and calcium absorption m acidosis. 
223 

and osteomalacia, 224, 223 
and osteoporosis, 149, 197 
contents of, effect of excessive loss of, 
on blood chemistry, 35 

f astric aadity of, m acidosis, 223 
e« Absorption 
See Excretion 
Gaucher's disease, 93 
Gee's disease (coeliac disease) and osteo- 
malacia, 224 
Giant cells 

foreign bod^, and osteoclasts, 5 
tumors of, in byperparathyToidism, 57 
Gluconate, calcium See Calcium glu- 
conate 

Glucose tolerance test in steatorrhea, 224 
Glycogen 

and alkaline phosphatase, 6 
and phosphorylase, 0 
Glycogenolytic cycle, 6 
Gonadal hormones 

affecting skeleton, 150 See Androgen, 
E\trogen, Progesterone 
metabolites m urine See 17 Kelos 
teroids 

Gonadotrophic hormones, pituitary See 
Follicle stimulating hormone, and 
I utemizing hormone 
Granulomatosis, lipoid (eosinophdic 
granuloma. Hand Schuller Chris 
tian’s disease, xanthomatosis), 
and polyostotic fibrous dysplasia, 
273 

Growth 
excessive 
of bone 

in adreno genital syndrome, 167 
in healed osteitis fibrosa gener^i- 
sata, 114 

in Paget’s disease, 91, 255 
See Acromegaly 


Growth 

excessive (Cont'd) 
of matrix of bone, 10, 136, 144 , 207 
2o6 ’ 

of protoplasm •Sec Acromegaly 
neoplastic See Metastatic mahg 
nancy 
normal 

ajksiine pliosphatase in, m serum, 6 
immobilization in, avoidance of, 

147 

of bone See Bone, formation 
phosphorus in, in serum, 4 
retarded 

in alarm reaction, 1S5 
in Cushing’s syndrome, 1C5 
Gronrlh hormone, pituitary 
effect of, on bone growth, ICC 
effect of, on endochondral bone for- 
mation, 106 

effect of adrenal cortical hoimoncs on, 
106. 189 

effect of S (sugar) hormone of adrenal 
cortex on, 166, 189 
to acromegaly. 48, I8S 
m byperporatiiyroidisio, 43 


Hair 

alrophy of, in old oge, 145 
axJlary, and adrenal cortical X (oitro 
gen) bonnoae, 167 
changes in hypoparathyroidism, 28 
lursutism lo Cushiog's syndrome, 165 
llaod 

reduction ID size of,wilb estrogen ther 
apy m acromegaly, 190 
z ray films of 
ID Oocek’s sarcoid, 97 
m bymerparall^roidism, 113 
in polTOStotic fibrous dysplasia, 265, 
266 

ID pseudo hypoparathyroidism, 42, 
43 

m renal osteitis fibrosa generalisata, 
117 

Iland-Scbullcr Christian’s disease See 
Lipoid granulomatosis 

Heart 

calcium deposits in, m paralliyroid 
poisoning, 79 

failure, from increased blood flow m 
Paget 3 disease, 2So 
Hematopoietic function, and liyjierpafa 
tfayTOidiem, 67 

Ucadenon Hassctbalch equation for cal- 
culating bicarbonate in urine, 243 
Hereditary cystiouna See Cyslinuria, 
hereditary 
Hereditary disorders 
and hypoparathyTOidism, 27 
and pseudo hypoparathyroidism, 45 
cysUnuria, 209 

family periodic paralysis, 228 
nenroGbromatosis, 276 
osteogenesis imperfecta, So 
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Hereditary disorders (Coat’d) 
osteomalacia and renal acidosis of the 
haiicoiii syndrome type, 257 
osteopetrosis, 140 
Paget 8 disease, 2$4 
Hereditary hypoplasia of the mesen 
chyma See Osteogenesis imper 
fecta 

Hip fractures in old ^^ome□ with oateo 
porosis, cifcct of hormone therapy 
m, 159 

Histologic sections iSee Illustrations, 
pathologic specimens 
Hormouefs) 

adrenal cortical, ICo, 167, 1G9, 1S3, 181, 
189 


adrenocorticolrophic hormone, pitu 
itary, 165, 189 

androgen, 150, 159. 161, 162, 164, 167, 
173, 197 

anhydio hydroxy progesterouc, ICO 
Com]iound E, 166 <See \<lrcnal cor 
Heal hormones, S (sugar) hormone 
corticosterone, 100/ •See Adrenal cor 
tical hormones, S (sugar) hormone 
dehydroisoandrostcrono acetate, 173 
•See Adrenal cortical hormones 
dicthylstilbestrol, IM, 190, 203 <See 
Lstrogca therapy 

estradiol benzoate, 151, 167 Set Cs 
trogen therapy 
;radiol dipropionut.. 

Estrogen therapy 
cslnn See I slrogcn 
estrogen, 147, loO, 15S, ISO, 161, 175, 
185, m 197, 301 

estrone sulfate, ICO See Estrogen 
therapy 

follicle • stimulating hormoao, pitu • 
ilary 151, 153, 156, 158. 161, 162, 
170. 173, IJO, 192, 194, 209. 277, 311 
gonadal, 150 <See Androgen, Cslrogcii, 
Progesterone 

gonadotrophic hormones, pituitary 
See Fullicle stimulating hormone, 
and Lutcimzing hormone 
gron til hormone, piiuiUiry, 48, iCG, 1S8 
hypophyseal iScs Pituitary hormones 
165 , 111 

luteinizing hormone, pituitary, 2CJ. 


mctubolilcs in urine 
corticosteroid biological activity 
See Adrenal cortical hormoucs, S 
(sugar) hormone 

corticosteroids See 11 OxycorlicO' 
steroids 

cortiQ See Adrenal cortical hor- 
mones, S (sugar) hormone 
17 hcloslcroids, 151, 151, 156, 15S, 
159, 102, 170, 173, 184, 185, IS7, 189, 
192 194 201, 225, 277, 299, 311 
•Sec 17-Kctostcruids 


Uonnone(s) 

metabolites in untie (Cont’d) 
ll-o\y corticosteroids, 15S, 165, IW. 
Isa, 102, 201, 311 6ce 11 Oxycor- 
ticostcroids 

U-oxysleroids Ace 11 Oxycurtico- 
steroids 

S (sugar) hormone, 165, 154, isg, 
31! See Adrenal cortical hor 
nioncs, b (sugar) hormone 
methyl tcstoatcronc, 171 .See Andro 
gen therapy 

hi (aitrogeu) hormone, 167, JS4 Stc 
Adrenal cortical hormones 
parathyroid, 10, 13, 25, 26, 27, 40, 41, 
46. 16S 

porathyrotrophic hormone, pituitary 
54 

pituitary, 27, 4S, 161. 189 .See Adreno 
corticotropbic hormone, lollicle 
stimulating hormone. Cron th 
hormone Luteinizing hormone, 
ParathyTotrophio hormone, and 
Thyrotrophic hormone 
uregDcnolone, 153 

Prcmnnii, 160 See Estrogen (hcrapy 
progeslcroQO, 151, 190 
sex Ace Androgen, Estrogen, Proges 
tcrone 

S (sugar) bormouc, 165, 181, ISO See 
Adrenal cortical hurmuncs 
Icsloslcrono propionate, 150, 167 
Su Androgen therapy 
thyroid, 40, 14 ), ISO 
thyrotrophic hormone, pituitary, 189 
“Hunger osteopathy'*, 149 
“Hungry bones,” in tetany after para 
thyroidectomy in hyperparuthy 
roidicm nith bone disease, 113 
Hydrolysate, casein Ace Casein liy- 
ilrolyiute 

Hydroxide, aluminum Arc Aluminum 
hydroxide 

Hydroxide, calcium Are Calcium by- 
liroxide 

Hyperaminoaciduria Are OstcomaU* 
cia and renal acidosis of the Fan 
coni Byndromo type, and Cysti 
nuria, hereditai^ 

Hypercalcemia See Calcium, in scrum 
Hyi>ercalcuna Ace Calcium, in urmo 
Ilypcrcalcurm, idiopathic See Osteo 
malacia and idiopathic hypcrcal- 
curia 

HypcrhypcrparalhjToidism Are Pois 
oning, parathyroid 

IlypcrkaliQna Ace Potassium, In urmo 
Hypernephroma Ace Cancer of kidney a 
X ray films in, of pelvis nilh bono 
melastascs, 92 
Ilypcrostosis, 90 
ilyncrparathyroidism, pnmary 
alkaline phosphatase m, in scrum 
in eases u ith bono disease, 73, 144 
after oarathyroidectomy, 101. 113 
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IIj-perparathjToidjsm, primary 
alkaline phosphatase m (Cont'd) 
m cases without bone disease. 6S. 
73 

and acromegaly, 49 ISS 
and hematopoietic function, 67 
and insulin, 48 
and low calcium intake, 47 
and osteomalacia, 47 
and Paget’s disease, 2S9 
and pancicatic tumors, 4S 
and pituitary hormones 48, 
and pituitary tumors, 48, 188 
and pregnanci , 46 

and seconda^ hiperparath^Toidism 
m same individual, 121 
anemia in, 62 67 
anorexia in, 6o 
auditory acuity in, 66 
aiersion to milk in, 47 
Bence-Joncs proteinuria in, 01 
blood chemistry in, 72 
body weight loss in, GG 
bone disease m (osteitis fibrosa genera* 
lisata) See Osteitis fibrosa gen 
erabsata and hjperparathj-roid* 
ism, bone disease m 
absence of, m some cases 67 
histologic sections confirmiag, 72 
X ray films m See Hjperporathy 
roidism, primary, x ray films tn 
calcium in 
in diet 

high intake of 

efiect of, on bone and kidney 
(bsease, 6S, 90 

m post parata>Toidectomv ther- 
apy of cases w I tb bono disease, 
ICO 

low intake of, m pre paralbjTOid 
ectomy therapy, 99 
in serum, 72 

incidence of hj^icrcalcemia in, 73 
in urine, 34, o7, 73, 75 
calcium deposits in kidne> tubules in, 
65 See ^epbrocalcinosis 
calcium phosphate casts in unne in, 65 
calcium phosphate sand in urine in, 65 
calcium to pho^'phorus ratio in kidney 
stones in diagnosis of, 62 
charts of metabolic and clinical data 
in, 21, 63, 74, lOo, 106, 108 
clinical case histor> reports in, sO, 70, 
76, 104, 107 
clinical findmga in, 54 
cbnical findings m, due to hypercalce- 
mia per ee, 65 
clmical types in, 70 
constipation tn, 65 

cysts, “true” rmus ‘pseudo-cysts’*, 
m. 5o, 57, 114 

danger of high calcium diet in, 79 


H;^rpar3thyToidism, pnmary (Cont’d) 
danger signals of paralhyToid poison 
mg tn, 79 
definition of, 46 
dehydration m, 81 
dubetes insipidus simulated by, oO 
diagnosis of, 72 

diagrams, schematic, of metabolic 
state m, 3, 22, 24, 25 S, 111 
ihlTcrential diagnosis of, SI 
from acute osteoporosis of disuse 
with hypercalcemia in childhood. 
S4, 147 

from Boeck’s sarcoid, 06 

from hypcrparatbyToidism, second 

from byper> itaminosis D (vitamin D 
poisoning), 06 

from localized bone diseases, SO 
from metabolic bone diseases, S3, 
141 


from metastatic malignancy, 73, 02 
from miscellaneous bone diseases, 93 
from multiple myeloma, 73, 01 
from osteitis fibrosa loealisata 
(‘solitary bone cyst”) 01 
from osteogenesis imperfecta 89 
from osleomalaeia, 88, 142, 20a 
from osteoporosis, S3, S8, 141. 145 
from other conditions with hyper 
calcemia, 94 

from I’aget’s disease (osteitis de- 
formans), 91, 284 

from polyostotic fibrous dysplasia 
(o»tciti8 fibrosa disseminata), 00, 
263 

from rickets, 88, 142 OOu 
from syndrome resulting from pro 
longed and exccssne intake of 
milk ami alkali, 08 
of cases with bone disease from cases 
without bone disease, 73 
diOicult\ in swallowing in, 65 
diuresis in, o9, SI 
dryness of noae and throat lu, 65 
electrocardiogram changes in, 65 
epulis in, 57 
etiology of, 46 
eyes m 

band keratitis in, 67 
calcium deposits lU, 67 
focusing of, 66 
fibula m \ ray films of, 112 
giant cell tumors of bone in, 57 
hands in, x ray films of, 113 
histologic sections in 
of bone 

in cases with bone disease, 110, 
112, 114, 137, 28S 
in cases without bone disease, 72 
ot bone cyots, 112 
of parathyTOid gland, J), 52, 76 
of skull, 114 
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IlypcJparalhjTOidism, primary (Coat’d) 
‘ huagry bones” in, 113 
hyperostosis in, 90 
hypotODicity of muscles in, 65 
in females, uicidcuco of, 47 
m males, incidence of, 47 
incidence in 

m mules and m females, 47 

of bone disease, C2, 71 

of cancer of the parathyroid glands, 

50 

of cases n ith neither bone norkitloey 
disease, 71 
of hypercalcemia, 73 
of hypertrophj of all lour parallij 
ruiu glanus, 40, SI 
of kidney disease, 62, 71 
of mediastinal tumors, 101 
of multiple adenomata, 40 
of single adenomata, 40 
kidney uisea«a in, 57 
function of kiduev in, C2 
incidence of, 62, 71 
nepbrocalciRosis in, 05 , 107 
nephrolithiasis in, 62 
calcium to phosphorus ratio m 
stones m diagnosis of, 62 
X ray films of, 107 
kmins dura of teeth in, 57 
metastatic calcification m, 05, 67 
metabolic study reports in, 104, 107 
muicular n cakness m, 05 
nephrocalcinosis in, 65, 107 
nephrolithiasis in, C2 
nerve muscle cxciUhihty in, 65 
osteoblastomas in, 55 
osteoclastomas in, &5 , 114 
pam in, So 

parathj roid glands in 
cancer of, incidence of, 50 
m-oss appearance of, 71 
histologic sections of. 50, 52 76 
hypertrophy of, inciucrice of, 45, 51 
hypertrophy rersus hyperplasia of, 

51 

mediastinal tumors of, incidence of, 
101 

multiple adenomata of, incidence of, 
40,47 

pathology of, 49 

single auenomata of, incidcnco of, 
40 

paralliyroi d poisoning, 77 Ste i’oison 
mg, parathyroid 
pathologic physiology of, 15 
phosphorus in 
m diet 

high intake of, effect on bone and 
kidney disease, 21, 99 
low intake of 

mpost parathyToidcctoiny ther- 
apy of cases Mith bone dis 
cajie, 109 


Hyperparathyroidiam, primary 
phosphorus m 
IQ diet 

low intake of (Cont'd) 
in pro parathy roidectomy Ihcr* 


in scrum, 72 
in urine. 57 

photograpns of patients with, SO, 66 
“pigeon breast” deformity of chest in 
50 

pituitary growth hormone m, 4S 
pituitary para thyro trophic hormone 
in, &4 

polydipsia in, 5S 
polyuria m, 5S 
protein m, in scrum, 73 
sequenoa of events of primary and 
secondary hypeniarathyroidism in 
same individual, I2i 
skull in 

finely moth-eaten appearance of, 
CO, 91, 2S9 

ground glairs appearance of, lu ciscs 
uitb bone disease, 57 
histuloRic sections of, 114 
X ray films of, CO, 69 
solubility product of calcium and 
pliospburus ions id, 10 
surgery of paratbyToid gltnds in 100 
choice of surgeon m, lUO 
extent of excision in, 102 
effect of boDO disc ise on, 103, 109 
effect of renal damage on, 12l 
medmtina} lesions in, 101 
uncovering pathology m, lUO 
teeth in 

dccalcificalioii absent m cases Mitb 
bone di»easc, 57 
lamina dura of. 57 
X ray films of, 53 

tetany after na/'-ithyrojdectoniy m 
cases with none disease, lOt, 2G2 
therapy of, 93 

calcium in, low inUko of, 99 
milk contraindicated in >9 
parathyroidectomy in, 100 
(MSt operutiNc care lu 
of cases Hith bone disia.w, 10} 
of coses without bona ditieas,e 
103 

prc-opcratixo care in, 99 
phosphorus In, low intake of, 09 
salino intravenously in, 79, 99 
water in, 9*9 

xray irradiation of p-arathyToid 
glanda m, 9*9 

tibia in, X ray films of, 113 
urinarv tract disorders lo, 57 
ubo of low calcium ucutrm diet in cs 
tablishiog hypcrcalcuna, 75 
use of Sulkowitcfi solution to establish 
hy^icrcalcufja, 73, 302 
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H>-pe^^ath}TOidism, pnmari {Cont’d)Hjpeiparath}Toiiljsm, secondary 


wiih bone disease, 51 See Osteitis 
fibrosa generalisata and byper 
parathjToidiam (von Reckling 
hausen s disease) 
with kidney disease, SI 
with kidney disease, clinical «‘*>oe 
history reports in, S9, 70, 76. 104 
107 

incidence of, 62 71 
kidnej disease in Set Hjperpam 
thjToidisni, primary, kidney dis 
case m 

nith paralhy-roid adenoma cluneal 
case history reports in, SO, 76, 107 
with parathjroid hypertrophy, clin 
ical case history reports in. 70. 
IQl 

without bone disease, 23, 67 
after parathyroidectomj 
alkaline phosphatase in, in serum. 

63 73 
calcium ID 
in senini, 23, 103 
in urine. 103 
course in 23, 103 
phoapborua m 
m serum, 23 103 
m urine 103 
therapy of, 103 

alkabne phosphatase in, m scrum, 73 
bone state in 
histologic sections of, 72 
turnover of bone, absent lo, G8 
clinical case history reports in, 70, 
76, 104 

dia^ams, schematic, of, 25 
X ray diagnosis of bone disease la, o7 
X ray filiu in 
of fibula, 112 
of hands, 113 
of kidneys, 107 
of skull, CO, 69 
of teeth, 5S 
of tibia 112 

X ray irradiation of parsthyTOid glands 

Hyperp^alhyroidism, secondary 
and calcium deprivation, 46 
an 1 hyperparathyroidism, primary, m 
R.ime individual, 121 
and lactation, 115 

and nephritis See Renal osteitis 
fibrosa generalisata, and Osteo 
malaria 

and osteomalacia, 115, 20o .See Osteo 
malacia 

and pregnancy, 115 
and renal dise^ise See Kidney, renal 
insufficiency 

and renal disease with pho<7hatc re 
tention Renal osteitisfibrosa 
generalisata 


(Cont’d) 

and renal disease without P 
retention See Osteoi^acia 
and renal osteitis fibrosa generalisata, 
115, 231 See Renal osteitis 
fibrosa generalisata 
and “renal ’ rickets See Renal os 
teitis fibrosa generalisata 
and rickets See Osieomahcia 
clinical case history rejxirts in 118 
211, 22o 237, 239, 250, 252, 2a3 254 
definition of. 46 

differential diagnosis of, from primary 
hypcrparathyTOidism 131 
metabolic study report in, 237 
parathyroid glands in 
histologic sections of, o2 
pathology of, 115 
Hyperplasia of parathyToids, ol 
Hy-perphosphatemia ^tePbosphorus m 
scrum 

Hyperpbosphaiuria .Sre Phosphorus, in 
urine 

nyperproteinemia SreProtcuJm senim 
Hypertension, m Cushing’s syndrome, 
165 

Hyperthyroidism 
and acromegaly , 1S9 
and osteoporosis 149, IS9 
and polyostotic fibrous dysplasia, 277 
booa disease m Ses Oatcoporosia 
calcium in 
ID feces, 149 
ID Urine, 149 

effect of androgen in. 149 
Hypertrophy of parathyroid glands, 51 
ily-penentifatioo, So, w 
blood chemistry in 35 
HypervUaminosis D See Poisoning, 
viLamini> 

Hypocalcemia See Calcium, m serum 
Hypocalcuna See Calcium, id urine 
Hypoest^ism, congenital, and osteo 
porosis, 101 
Hypogonadism 
and acromegaly, 190 
and osteoporosis, 161, 190 
follicle stimulating hormone of piUi 

itary in, 161 

Hjpokaliemia Potassium, m scrum 
Bypoparathyroidism 
alkaline pno'^pbatase m m serum, S3 
and Addison’s disease, 27 
and moniliasis, 37 
and pituitaiy honoones, 27 
and pseudo hypoparathyroidism, 40 
blood cbemiatry in, 33 
bona disease in, 23, 32 
denseness of bone m, 32 
I ray fiim« m See Uypoparatby 
roidism, x ray films in 
calcification of basal ganglia m, 2S 
calcium in 



SUBJECT INDEX 


301 


H>T3oparatUyro>di8m 
calcium m ^Cont'd) 
jB diet, high intake of, in therapy, 
33 

in ecrum, 33 
la urine, 34. 73, 302 
loir thresQOla for, m certam cases, 
34 

Carpopedal spasm in, 28 
charts of metabolic and chnical data 
in, 12, 13, 128, 123, 132 
Congenital tendency in, 27 
con^nilsions m, 23 
cramps of extremities in, 23 
diagnosis of, 33 
diagram, schematic, of, 22 
dilTcrentiat diagnosis of, 34 
from alkalosis, 38 
from osteomalacia, 34, 217 
from pseudo hypoparalhjToidism, 

ectodermal lesions in 23 
eleetfocardiowam changes in, 33 
epilepsy in, 23 
cy es in 

cataracts m, 23, 40 
choked discs m, 23 
etiolo^ of, 27 
hair cEangca lo, 2S 
idiopathic^ 27 

increased intracranial pressure in, 23 
laryngeal stridor in, 2s 
rnental retardation m, 23 
mctAstatic calcidcatton in, 2d, 4S 
nail changes in, 23 
phosphorus in 
m diet 

high intake of, conlraindicatcdia 
therapy, 38 

low intake of, in therapy, 3S 
in semis, 33 
in untie, 32 

phosphorus diuresis test in, 44 
physical liens eliciting tetany in, 32 
Ch\ostcirs6ign,32 
Frb’s sign. 33 
Trousbcau’s sign, 33 
skin changes in, 28 
skull m, X ray films of, 29 

cjlciiicatiOQ m basal ganglia demon 
strated hy, 28 

solubility product of calcium and 
phosphoms ions lu, 18 
symptomatology of, 23 
teeth in 

ocilcificalion of, 17 
developmental defects m, 30 
htslclogic sections of, 32 
X ray films of, 3t 

tetany in, 23 6c« Tetany, duo to 

hypocalcemia 

emergency therapy of, aith calcium 
gluconate intraNcnously, 40, 143 


Ilypoparathy roidism 
tetaoy in (Cont'd) 
therapy of, 3mo &£e Hypopara 
tbyToidism, therapy of 
therapy of 

aluminum hydroxide in, 38 
calcium contraindicsteu in patients 
receiving digitalis, 40 
calcium in high intake of, 3$ 
calcium m urine m regulation of, 31. 
302 

calcium mtraienously in, 40 
calcium chloride in, 33 40 
calcium glueonnto IQ 38,40 
calcium lactate in, 33 
dihxdroCachysterol in, 37 
milk contraindicated in, 33 
parnthyToid hormone m,40 
phosphorus, high tniake of, contra 
mdicntcd m, 33 

phosphorus in, loa intake of, 33 
thyroid in, 40 
vitamin D in, 38 

use of Sulkoa itch solution to establish 
hypoealcuna in, 33,302 
X ray films m 
of skull 29 

calcification m basal ganglia dem 
onstralcd by, 28 
of teeth 31 

Hypopboephalcmia See Phosphorus 
ID scrum 

Hypophosphatuna See Phosphoms, tn 
unno 

Hypophysis See Pituitary 
Ilypoplosia of the mt!scnchy*ma, heredi 
tary See Osteogenesis imperfecta 
Ilypoproleincmia See Protein, m serum 
Hypothalamic lesions 
in pineal syndrome, 2G9 
in polyostotic fibrous dysplasia, 2C9 
IJy{iothyTOidism and fiypoparathyroid 
lem, 40 

HypoviUnunosis i8ce Vilamui, defi 
cicacy of 

llvpovitamiuosis D See Osteomalacia 
and hy]>o\itamiDOsis D 
Hy Inkcrol, 122 6ec Oihy drotachy sterol 


ICSIl (interstitial cell stimulating hor 
mooe) Set I utcinieing hormone, 
pituitary 

Idiopathic disorders 
epilepsy, 41 
hypercalcunu, 280 
lijpopanithyroidism, 27 
osteoporosis 197 
steatorrhea 224 

IdiopsthiQ hy pcrcalcuria .Sre Ostco- 
malncii and idiopathic hyper 
calcuna 

Heitis, terminal, and osteomalacia 224 

lilitstxationa 

charts, metabolic and clinic^ data 
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niustratiODs 

charts, metabolic and chmeal 
data (Cont’d) 
in acromegaly, 193, 195 
in acute osteoporosis of disuse. S7 
191 

m alarm reaction to bone operation, 
1S6, 191 

in Cushing’s sj-ndrome, 163, 172, 174, 
306 

in h>perparath3Toidism, prunary, 
21,63,74, 105, 10(5, 103 
in hiTJoparathiToidism, 12, 13, 12C. 
12S, 132 

m idiopathic hj-percalcuna, 129, 220 
m idiopathic osteoporosis, 199, 200, 
202,203 

in normal individual, 19, 251 
ID osteitis fibrosa generaliaata. IOC. 
lOS 

in osteomalacia 
and h\'povitaminosia D,219 
and idiopathic hjpercatcuria, 129. 
220 

and Milkman’s sjndrorae, 248, 251 
and renal acidosis of the tubular 
insuilicieDcy •without glomeru 
lar • iDsufficieocy tJTio, 218, 251 
and resistance to vitamin D, 124, 
222,223 

and steatorrhea, 123 
in Pagel’e disease, 157, 205 
m post menopausal osteoporosis, 
155, 155, 157, 205 

in^seudo h^iioparatbiTOidtsm, 37, 

in senile osteoporosis, 163 304 
of acid intake, effect of, 123 
of ammonium chloride, effect of, 248, 
2ol 

of androgen therapy, effect of, 163, 
172, 174, 304, 306 
of base sparing mechanisms 
calculation of components of, 244 
comparison with acid values of 
various diets, 246 

of calcium and phosphorus relation 
ship m serum, 14 

of calcium intake, effect of, 63, 120, 
220 

of calcium ion concentration from 
calcium and protein in senun^. 8 
of calcium, phosphorus, and nitro- 
gen balances, interrelationabips 
of, 304 

of carbonic acid and bicarbonate in 
unne, 243 

of casein hjdroijsate, effect of, 200 
of charting, two methods of, same 
balance data, 310 

of dilivdrotachystcrol. effects of, 
37, 12S, 102.222 

of estrogen therapy, effect of, lo3, 
153, 157, 163, 172, 174, 191, 193, 19S, 
199, 203, 304,306 


Illustrations 

charts, metabolic and clinical 
data (Cont’d) 

of intravenous feeding, effect of, 1S6 
of nitrogen, potassium, phosphorus 
and sulfur balances, interrelation* 
ships of, 30G 

of parathyroid hormone, effect of, 
12. 13, 19, 37, 39, 222 
of phosphorus intake, effect of. 21 
124 

of plasma protein, effect of, 202 
of premancy and lactation, mater 
nal loss 01 calcium during 2 
of progesterone therapy, effect of, 
157 

of protein intake, effect of, 202 
of serum albumin, effect of, 203 
of sodium lactate, effect of, Z^, 24S 
of vitamin A, effect of, 2(13 
of vitamin D effect of, 123, 124 126, 
128, 129, 132, 199, 200, 219, 220, 222 
charts, other 
of teellt 

development of, 30 
lamina dura of, S7 
diagrams 

of ostcomabcia and renal acidosis 
of the Fanconi syndrome t>pe, 
sequence of events in, 261 
of osteomalacia and renal acidosis 
of the tubular insufficiency with 
out glomerular insufficiency type, 
sequence of cv eats in, 232 
of renal osteitis fibrosa generaliaata 
(* renal rickets"), sequence of 
events m, 233 

of vitamin P, metabolic sequelae 
of, 133 

diagrams, schematic 
of andraggn therapy effect of^ on 
N (nitrogen) and b (sugar) nor 
moncs of adrenal cortex, 170 
of bono 

distribution of lesions in pohos 
(otic fibrous dysplasia, 264 207, 
279 

gencraUzed discasoicrsus localized 
disease, SO 

in hyperparathvToidism, primary, 
with bone disease, 82 111 
in normal individual, S2 
in osteitis fibroaa gencralisata, S! 
in osteomalacia, 82 
in osteoporosis, 82 
in Fagel’s disease, 294 
with acute osteoporosis of dis- 
use, 294 

of femur, ojicrative repair of "Shep 
herd crook deformity" in polyos 
totic fibrous dysplasia, 2ol 
of hyperparathyroidism 
with boDC disease, 24 
without bone disease, 25 
of bypoparatbyroidism, 22 
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atioos 

rams, schematic (ContM) 
isoparatlij roid state, 3 
N (nitrogen) and S (sugar) hor* 
[QOuea 

effect of androgen therapj on, 170 
in alarm reaction, ISl 
in Cushing’s s^Tidrooie, 170 
tibia showing progression in 
Paget’s disease, 2!J3 
vertebrae, changes before and 
ifter recoicrj m Cushing’s sjn 
Jrome, ISO 
if, XV 

ologic specimens 
bone, mstologic sections of 
n hjperparathjToidism, primtrj 
showing bone c>sts, 112 
with bone disease, UO, 112, 137, 
2SS 

without bone disease, 72 
n osteitis hbrosa geuerabsata, 
110, 137, 2S8 
,tt I’acel’a disease, 2bSt 
u^^lyoslotic fibrous dieplasia, 

n renal osteitis fibrosa gencrali* 
Bata, 120 

kidnej , gross ap|icarunce of 
n renal osteitis fibrosa generali 
sata, 110 

Jcidoey, bistofogic sections of 
n paratlnroul poisouuig, fit, 72 
lung, histologic section of 
n paratloroid poisoning, 7S 
neck organs, gross appevance of 
n renal osteitis fibrosa genersti* 
sata, UO 

parathyroid glands, gross appear* 
ance of 

npninaryJij»erparath>roidism,71 
parathyroid glands, histologic 
lections of 


50, 52, 70 

in pseudo hypouarathy-roidism, 3S 
lu secondary liy pcrparalhyToid 
ism, 52 

rib, histologic sections of 
m osteomalacia and Milkman’s 
sitidrorac, 213 

skeleton, gross appearance of 
with “osteitis nbro6.( gencrab- 
sata” (? polyostotic fibrous 
dysplasia) from von llecUiiig- 
hausen, 2S2 

skull, gross appearance of 
in normal individual 2t>7 
111 Paget's discise, 291 
skull, histologic sections of 
in Iiy|)criianthvroidisai, IM 
in i’aget's discxse. 291 
stomach, histolui,ic sections of 
in piratlijTOid imisoning, 72 


IlIuBtratioDS 

pathologic specimens (Coat’d) 
of teeth, histologic sections of 
JO hypoparathyroidism, 32 
in normal indi% idual, 5S 
of \crtcbra, gross appearance of 
m acromegaly, 197 
of codfish, 1-12 


of vertebra, histologic sections of 
in oslcommacia and renal acidosis 
ofthetubukr insiiihcieiicy with 
out gfomcrutar insuOicicncy 
tyiie. 2oC 

patients, photographs of 
with adivoo genital syndrome, 169 
with Cushing’s syndrome, 1C9, 1^2, 
1S3 

with bypcr|Jarathyrojdjsni 50, 66 
with neurofibroma losis, 274 
with osteitis fibrosa gcncralisata, 
5G, Gfi 

with polyostotic fibrous dysplasia, 
278 

with p«cudo hypoparathyroidism, 
40, 41,42, 43 
X ray films 

of bone immobilised ter/us bvoo not 
immobdiied, m acute uslcoporosis 
of disuse, 66 

of dura impregnated with thoratrast, 
22b 

of esophagus, u«o of barium m dem 
ODSlrating parathyTuid tumnr, 101 
of femur 

m acute osteoporosis of disuse, &S 
IS Rcurofibroniatosia, 275 
m osteitis fibrosa iocalivita, 65 
m raget’s disease, 297, 29S, 3(XJ 
m ostcomal icia and renal acidosis 
of the tubular iRsufilcicnci 
without glumerular insuUi 
cicncy tyyic, 230 

of fibula, in hvt>erparathyroidisin, 

of fool, in acute osteoporosis of dis 
use, 66 
of hand 

m Boeck'a sarcoid, Pi 
in byiicrparathyroidism, 113 
m po^ostotic fibrous ilysplasia, 
265.260 

ID p^udo • nypoparathyruiuistn, 
42,43 

Ml renal osteitis fibrosa gcncrali- 
sala. 117 
of kidney 

lu hyjicrparathyroidisni, J0< 

JO ostrumalncia and renal acidosis 
of the tubular - insufficiency - 
with - glomcrulnr • iiisufit 
cicncy tviie, 229 230, 237 
of knees. Ill jxdyoslulic fibrous dys 
plwsta. 

of legs, In osteopetrosis, 140 
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niuBtrations 
X ra 3 Sima (Cont’d) 
of nephrocalcinoais, 107, 220 230 
23" 

of nephrolithiasis, 63 
of paratb>Toid tumor la mcdiasti 
num, 101 
of pelvis 

in Cushing's sj>-ntIroroe 178, 179 
in hypernephroma ivith bone rac 
tastasis, 02 

in metastatic malignano 92 
111 morbus coxae senilis 139 
lu osteomalacia and ^lilLman's 
sjTidrome, 215 

ID ocstomalacia and renal acidosis 
of the tubular insufficiencv 
ivithout glomerular insuiB 
ciency type, 237 

in polyostotic fibrous d\ aplasia. 
2S0 

shon-ing operati\e repair of ‘ shep 

herd crook deformity”, m pol\ 
ostotic fibrous dysplasia, 260, 
2&1 

of radius, in polyostotic fibrous dys 
plasia^ 273 

of nb in osteomalacia aud Mtik 
man a syrndromc, 212 2oo 
of scapula, in osteomalacia and 
Milkmans syndrome, 200, 2a5 
of skull 

m hypcrparatbyTOidism CO, CO 
in hypoparathyToidism 23 
in multiple myeloma 61 
in normal individual GO 
in oatotia fibrosa gcneratisata, CO. 
69 

m osteogenesis imperfecta 61 
m Paget sdi ease 61 267,201,292 
in^oi^stotic fibrous dysplasia, 

to contrast different types of pa 
thology CO, Cl 
of teeth 

in acute osteoporosis of disuse, S7 
in bypcrparathyToidism,oS 
ID bypoparathyroidisra 31 
m normal individual 31 
of tibia 

in hyx)erpara(hyruidii>m 112 
in neurofibromatosis, 275 
m osteomalacia and Milkman's 
syndrome, 205 

lu osteomalacia and rcii tl acidosis 
of the tubular losuSciency 
nithout glomerular msi^ 
ciency type 241 
in Paget’s disease 203 
IQ polyostotic fibrous dysplasia, 
2Ui. 
of ulna 

m osteomalacia oud Milkman’s 
syndrome, 214 


Illustrations 
X films 
of* ulna (Cont’d) 
mpolvostoticfibrousdyspUsia 273 
of vertebra 
in acromegaly, 1% 
in Cushing’s syndrome 176, 177 
in osteomalacia and Milkman s 
sj’odrome 23G 

in o«teomaIacia and steatorrhea 
226 ' 
in osteoporosis of congemtal liy 
poestrinism, 161 

in post menopausal osteoporosis 
141, 142, 143 

ID renal osteitis fibrosa generali 
sata, IIS 

shonmg codfish appearance 142. 
143 

shoiving crushed appearance, 143 
sbotring epiphysitis, ICl 
show mg herniation of nucleus pul 
posus 141 
of UTISt 

ID Cushing ssvndrome 161 
ID ostoomalacia and renal acidosis 
of the tubular insuiSeieDev • 
w ithout glomerular insuS 
cicncy type, 23a 

in elemental pfaospbarus poison 
ing 13$ 

ImmobiliratioD 
avoidance of 

ID growing children, S4 147 
IQ nvpervitaminosis D 96 
ID osteoporo'is 64 147 ICl 
in Paget s disease, 54, 301 
m patients with excessive turnover 
of bone, S4, 147 290 
effect of, on nornul indiv iduals, 147 
See Osteoporosis and disuse 
Infantile paralysis (poliomyelitis) and 
osteoporosis, 54, 143 

Injury 

effect of on 17 ketostcroida ui unne, 
134 293 

See \larm reaction 
iQ'mhn 

and adrenal cortical hormones, IGC 
and hypcryiarathvroidi'm 43 
diabetes of insulin resistant type in 
Cushing’s sy-ndromc 16a 
resistance in afann reaction, 1*^ 
tiicrapv nitb m Cushing s svTieframe, 
171 

Intercellular (extracellular) substance of 
bone, -I ‘O 

Intestines ■See Castro intestinal tract 
Intracellular Ruid ratio to nitrogen in 
protoplasm See Nitrop^n to in 
trncelluUr fluid ratio in proto 
plasm 

Intravenous feeding complele 
effect of, on excretions in feces, l&< 
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Intravenous feeding (Cont’d) 
then])} with, in uhdonunul condilioDS. 
1S7 

Intravenous saline Ste Saline mtnve 
noub 

Irradiation x raj See \ ray irradia 
tiou 

Jsojwralhyroidisin, 1 


Jaundice, effect of, on alkaline phos 
nliat ise, & 

Jans Jack of eilett of imniobiJization oa, 
147 

Ketonuna 

in osleomaJacu and ^LIk^la»a sjn 
drome, 2U6 

in (istcomaldcia and renal acidosis of 
the I'aiicuni sjndrome type 2a7 
2G2 

17 Ivetosteruids in unne 
effect of estrogen on ISS loff IC2 192 
effect of fever on 201 
effect of fmeture on 299 
effect of itijurj oii, 184 200 
effect of lutciiiuiDg liumiono of pitu 
Jturv on 277 

effect of {ircneiioloiie on 1&4 
effect of progesterone on IGS 
effect of piutein intiiko on 201 
III acmniegalj 189, 1J2, 194 
iu alarm rcuctiou 184 209 
III Cubliuig s sjndrume, 170, 173 
in ulioputliic osteoporosis 201 
in orthopedic operations, iSo 1S7 
in osteomalacia, 225 
ID Taget a disease 158,299 
in ])oljostotic fibrous dysplasia 277 
m post menopausal osteoporosis, 151, 
154 150 15S 159 
in senile osteoporosis 1G2 
111 surgical uper itiuiis 185 187 
luilhods of analysis of 311 

ludncv 

alkaline phospliitasc 111 0 
nmmoni i production bj , to combat 
utidosia, 242 

bone metusl ises in caiiocr of fJiJlicr 
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Nucleus putposus, hcnuatiun of, into 
vertebra, 50,118, 1-1I,1« 

Odontoblasts iSfc Osteoblasts 
Old age 

and osteoporosis, 162 
bone disease ii> See Osteopoio^is 
Organic acids, m urine 
excretion of, by kidney to combat 
acidosis, 242 

ID osteomalacu aud rcnul ucidosjs of 
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therapy of tetany in 
calcium contramdiciitcd m pa 
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areas of predilection for, 57 
giant cell, 57 
ubtuoblastomas, 55 
osteuclastoinos, 55, 114 
turnover of Ixnie in 15 
X ray films in .Sre Osteitis fibrosa 
generahsatu nml hyiien’U'^thy 
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Osteoid seams See Uonc, matn\ 
Osteoid tissue 8te Bone, matrix 
Osteomalacia 

alkaline nhospbatiso in, m scrum, 
31 SS, !•« 203 228 2o8 262 
and ammo acid mccibolism 2oJ 
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calcium in 

m diet, high intake of, in llicrapy, 
217 

in fcccs 218 

111 scrum, 217, 21S, 223, 262 
id unne 218, 262 


Osteomalacia 

and h>-povntamiaoBis D (Cont'd) 
cL irts of metabolic and clinical data 
in. 219 

diffcrcniial diagnosis of 
fiom other diseases See Osico 
malaria, differential diagnosis of 
from other types of osteomalacia, 
252 

phospbonis in 
m feces 218 

III serum 217, 218 223, ,.62 
llicrapv of 

calcium contraiiidicatcd in pa 
(tents rcctuirig digitalis -10 
calcium in high intake of 217 
vitamin D in 217 

and bvpovitamiiiosis D due to resist 
ance to vitamin D See Os 
Icomalacia and resistance to 
vitamin 1) 

and hy]>ovitainmo5is D due to stentor 
rhea See Osloontalacia nnd 
steatorrhea 

and idiopathic hypcrculcuru 
alkaline pbostibatase m i;i wruni, 


blood chemistry in 2C1 2G2 
cilcium 111 



m scrum 200 262 
in urine, 21S ZH 2G0 202 
low renal threshold for 361 
charts of metabolic and clinical 
.lata in 129 220 
differential diagnosis of 
from other discascn See Osico 
malaria, differential diagnosis 
from other tyjica of ostcomalaciu 
202 

kidney disease in, 2C0 
differential diagnosis of, from that 
in osttom d icia and lenal acidu 
SIS of the tubular iiisuinciency 
without glumerul ir iiisutnciciicy 
type 234 

ncpltrulithi-ibia III 234,260 
phosphorus III, in bcnim 260, 262 
pyelonephritis in .62 
therapy of 

caiciuiu contraindicated in pa 
lients receiving dimtahs 40 
cilcium III high intake of 262 
vitamin D in, 262 
and Milkiigin’s svndrome, 20G 
alkabno pliO'pnata«c m, in horuni, 
Jl)7 

twic ilihcascin,20G 
ps. udo fractures in, M 206-2W 
VeOsleumalaciaan 1 \filknian a 
gyiidrumc, pseu lo fractures in 
OatruindacMi, bone disease in 
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Osteomalacia 

and Milkman’s syndrome (Cont’ii) 

'c raj films of iSee Osteomalacia 
and Milkman’s sj udrome, x raj 
films m 

calcium in, in serum, 207 
charts of metabolic and clinical 
data ID, 219 

clinical case hislorv reports in. 211. 
223, 237 

dificrcntial diagnosis of 

from other diseases See Osleo* 
malacia, differential diagooais 
of 

from other tjmes of osteomalacia. 
216 

histologic section in, of riU, 213 
ketonuria in, 206 
metabolic studj report in, 237 
pelvis m, T raj film of, 21S 
phosphorus in, in serum, 207 
points in favor of osteomalacia as 
cause of Milkman’s sj-ndrome, 207 
pseudo fractures in, S3, 20&-210 
areas of predilection for, 210 
differential diagoosis of, from 
pseudoarthroses, 20S 
histologic section of, 213 
nature of, 207 

aj-mmelncal location of, 206, 210 
\ ra\ films of, 20s, 209, 212, 2U, 
213,253 

renal gljeosuna in, 206 
nb in 

histolo^c section of, 213 
X raj films of, 212, 235 
scapula in, x raj film of, 209, 255 
tberapj of See Osteomalacia, tber* 
apy of 

in relation to etiologv , 210 
tibia in, X raj film of, 203 
ulna in, x rav film of, 214 
vertebra in, x raj film of, 226 
x raj films in 
of pelvis, 213 
of nb, 212, 253 
of scapula, 209, 2o5 
of tibia, 20S 
of ulna, 214 
of vertebra, 226 

and osteitis fibrosa generalisata with 
hj'perparatbvToidisci, 101, 262 
thcrapj of See Osteitis fibrosa 
generabsata and bj'pcrparathj- 
roidism, after parathjToidcctomj , 
therapy of tetanj 

and parathjToid tumor removed in 
osteitis fibrosa generalisata vntb 
hj'perparathvToidism, 101, 262 
and pregnanev , 46 
and pjelonephnlis, 2a0 


Osteomalacia (Cont’d) 
and renal acidosis of the Fanconi sjTi- 
drome tj^pe (anundiabeles, byper- 
aminoaciduria), 2o7 
alkaline phospliatase in, in scrum 
262 

ammo acids m, m urine, 2a7 
ammonia m, in unne, 237, 2G0 
base excretion in, in urine. 239 
beta hjdroxjbutjTic acid in, m 
urine, 257 

blood chemistry in, 257, 260-2C2 
bone disease in, 257 
calcium in 

in diet, high intake of, m tberapj, 
260 

in scrum, 257, 262 
in urine, 257, 260, 252 
carbon dioxide in, in scrum, 260, 2C2 
chloride in, m serum, 260, 2b2 
cjstme deposits in, 23S 
diagram m, of sequence of events, 
2tol 

differentia diaroosis of 
from other diseases See Osteo- 
malacia, differential diagnosis of 
from other tjpes of osteomalaeis, 
263 

ketonuria id, 257, 252 
kidncj disease 10,259 
differential diagnosis of, from that 
in oateomalacia and renal acido 
SIS of (be tubular insuiScicnev* 
without • glomerular • ui<ufli- 
tiencj tjpe, 209 
lactic acid in, in unne, 257 
organic acids m, in urine, 2d7, 3C0 
phosphorus in 

m diet, higb^mtake of, in thcrapj 
ID serum, 2o7, 262 
in unne, 257 
renal gljcosuria in, 257 
sequence of events in, diagram of, 


tberapj of 
alkali intake in, 260 
calcium contraindicated in pa- 
tients receiving digitalis, 40 
calcium in, high intake of, 3tX9 
phosphorus in, high intake of, 260 
vitamin D in, 200 
titratable aciditj of unne in, 260 
and renal acidosis of the tubular 
insufficiencj without-glomerular- 
msufficiencj tjpe, 227 
alkaline phosphatase in, in scrum, 
228, 262 

ammonia m, in unne, 200 
base in, shortage of, 227, 234 
blood chemistry in, 227, 232, 262 
bone disease in, 227 
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Ostcomalacta 

aud renal acidosis of ilto iubular- 
msulficiency - without - glamcru-> 
lar insufficiency type 
bone disease in ^Cont'd) 
a ray films in See Osteoaialftcia 
and renal acidosis of the tubular 
insufficiency without - gloincru 
lar insufficiency type, x ray 
films in 
calcium m 

absorption from gastro intestinal 
tract in 22S 

m diet, high intake of, m thcrapv. 
235 

m serum, 227, 232, 2fi2 
in urine, 227^ 232, 262 
carbon dioxide in, lu serum 232,2fi0, 


charts of metabolic and cboical 
data lo, 248, 251 

chloride in, m scrum, 232, 2GQ 2C2 
diagrom of scquenca of events lu 232 
differential diagnosis of 
from other diseases See Osteo 
malaciu, differential diagnosis of 
from other types of osteomalacia, 
2G3 

effect of aminoiuum clilondo m 
compaicd uilh effect m nonual 
individual, 249 

effect of neutral ash, uetd ash, and 
alkaline ash intakes in, 247 
etiology of, 232 
femur jD, X ray film of, 23C 
gastriQ acidity in, 223 
hiatoliigic section Jn, of lertcbra, 
256 

hypokahenua syndrome m cli/iical 
case history reports of, 253, 254 
kidney disease m 
acidosis in 227 
differential diagnosis of 

from that in idiopithic hyper 
calcun 1,234 

from tliat in renal acidosis of 
the kanconi syndrome ly|>«. 
259 

from Uiat m renal osteitis fibrosa 
231 

etiology of, 232 
ncpIirocalcinoBis in 223 
nephrolithiasis in, 22S, 232 
pathology of, 233 
sequence of events in, 227 
X ras films of kidney s in, 229, 230, 
237 

nephrocalcinosis in 228 
nephroiilkiasis i», 228, 232 
organic acids in in unne 200 
jjeJvjs in, V ray film of, 237 
phosphorus in 
in acnim, 227, 232, 2C2 
lu urine, 227, 232 
pot-assium in 


Osteomalacia 

and renal acidosis of Uio tubular 
insufFicicncy - without glomeru 
lar insufficiency ty'pe 
potassium m (Cent d) 

Hi unne, 228, 232 
scoucnce of Lvents m 
diagram of, 232 
leading to bone disease, 227 
tlusrnpy of 
alkali intake in, 234 
calcium contraindic itcd m pi 
tients receiving digitalis, 40 
calcium in, high intake of, Z15 
vitimm D ID 235 
tibia m,x ray film of 241 
tilrulablc acidity of urine in 2GO 
202 

vertebra ID histologic section of 2i>G 
wrist tn, X ray film of, 235 
\ ray films m 
of femurs, 230 
of kidneys 229,230,237 
of pelvis 237 
of tibia 2il 
of Hfist, 235 

and renal osteitis fibrosa gcnirilisata 
231 

and "renal rickets”, 231 
aud resistance to vitamin 1>, 218 
alkaline pbosphatabc tn, lu scrum, 
221, 202 

blood chemistry in 202 
bone disease in, 218, 223 
calcium in 
in fcccs, 221 
JO serum. 221 263 
in urine, 202 

charts of nictnbcihc and cliiucal dit i 
in, 121, 222 223 
differential diignosis of 
from other diseases Ste Osteo 
malacia, differential diagnosis 
of 

from other types of osteoniilacia, 
202 

effect of cessation of grow th on, 223 
mctabofic defect in, 221 
phosphorus 111 
m feces, 221 
in scrum, 221, 2C2 
therapy of 

calciunt contnimdieatcd Ui pa- 
tients receiving digitalis, 40 
dihydrotachysicrol in, 221 
vitamin D m 221 
and starvitinn, 217 
ui(i alcatoirhcA, J23 
alkaline phosphatase m, in tcrum, 
2GJ 

blood chemistry in 35,202 
bone disease m, 22i 

X ray films in iSce Osteomalacia 
nnil atrnlnrrhei. X ra\ filnui in 
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Osteomalacia 
and slealorrlica (Cont’d) 
calcium m 

in diet, iugb intake of, in Ibcram. 
224 

m serum 262 
in urine 262 

carotinoid in, in serum, 224 
cataracts in, 28 
causes of steatorrhea m 224 
charts of metabolic and clinical data 
in 123 

clinical ease history report in, 225 
diagnosis of, 224 
differential diagnosis of 
from other diseases Ste Oslco 
malacia differential diagnosis 
of 

from other tjpes of osteomalacia. 
262 

fa^^m, low intake of, in therapy, 

gastro mlestinal disease in 224 
glucose tolerance test in, 224 
hjTJOvitaminosis in, 2J3, 224 
phosphorus in m serum CG2 
prothrombin timo in, 224 
tetany in, 224 
therapj of 

calcium contraindicated in pa> 
ticnts receiving digitalis, 40 
calcium in, high intake of, 224 
fat in, loir intake of 224 
folio ncid in 224 
liver extract in 22i 
vitamm 4 m, 223 
vitamiaD in, 22a 
vitamin E in, 223 
vitamin k m, 223 
vitamin \ in, m serum 224 
Mlamin deficiency in 223,224 
x ra> bias in of vertebra, 226 
and vitamin D deficiency See Ostco 
malacia and hypovitammosis D 
blood chemistrv in 34, 8S, 142, 20a, 
227, 22S, 232, 2G2 
bone disease m, 142 203 
acalcificatiou of bone in 142 205 
diagram, schematic, of, S2 
epiphyseal lesions in, SS 236 
formation of bone in, 207 
fractures in 36 206 
healing of, 207 
fragility of bone in, 56 
histologic sections in 
of pseudo fracture, 213 
of vertebra 236 

insulation of tribcculac n i(h osteoid 
tissue in, 20G 
pain in lioues in, 206 
pseudo fractures of bone in, 88 20fr- 
219 Osteomalacia and Milk 
mau’s svndromc 


Oslcomal icia 
bone disease in (Cont’d) 

X ray films in See Osteomalacia, 
X ray films m 
calcium in 

in diet, high intake of, m therapy, 


m serum, 34, SS, 142, 203, 227. 257 
262 


in urine, 8S, 218, 227, 232, 234, 257, 


clinical case history reports in, 211 
225, 237, 239, 2o0, 2a2 253, 2ol 
definition of, 205 

diagram, schematic, in, of bone dis 
ease. 82 

differential diagnosis of, 205 
from by perparathyTOidism, primary 
SS, 142, 205 

from hypopsrathyToidism, 34, 217 
etiology of 217 

fatin.loa intake of, in therapy, 224 
histologic sections in 
of pseudo fracture, 213 
of vertebra, 256 
IQ children (rickets) 
law of Howland and Kramer for 
solubility product in, 9 
sequence of ev eats m lack of skeletal 
growth in, 237 
incidence of, in China, 217 
17 ketostcroids in, in unne, 225 
law of Howland and Ivramer in chil 
dren with rickets, 0 
metabolic study report in, 237 
nature of, 205 
nrphrocalcinoais in 228 
ncphrolithiasia in, 228 
phosphorus m 

in diet, high intake of, in therapy, 
260 

in scrum, 34, SS, 142, 205, 227, 2o7, 
262 

pseudo fractures in, SS 206-210 See 
Ostcumaluci i and Milkman s sy n 
drome 

solubility product of calcium and 
phosphorus ions in, 16 
summary of laboratory tests lu, 2C2 
tables in 

chemical findings in two types of 
renal acidosis in, 2C0 
etiologies met in the United States 
in, il7 

labor itory daU ia,2C2 
Icetli in.acalcificalion of, 32 
tetany in, 31, 224 5fe Tetany duo to 
hypocaircmia 
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Osteomalacia 
tetany in (Cont'd) 
after paralh>roiilectomy in pniuary 
hyperparathyroidism with bone 
disease, ICH, 202 

therapy of Se^ Oateitis fibrosa 
gcneroljsata and hjperparatby- 
roiciisni, after parsth^TOidcct. 
omj , Ihertpy of tetany 
emergency therapy of, vviili calcium 
gluconato intravenouslv, 40, 113 
therapy of See Osteomalacia, ther 
apyot 
therapy of 

alkali lutake in, 234, 2G0 
Calcium contraindicated m patients 
iccciving digitalis, 40 
calcium ID, high intake of, 217, 224, 
234, 200, 262 
c dcium gluconate m, 234 
citnc acid in, 234, 2G0 
diliydrotachi sterol in, 221 
ctiologi ano, 210 
fat in, ton lot ikc of, 224 
folic acid in, 221 
liver extract in. S24 
phosjihurus in, high intake of, 2G0 
potassium citrate in, 234 
sodium citrate in, 234 
sodium lactuto in, 234 
vitamin \ in, 225 

vitamin D in, 217, 2Jl, 223, 234, 200, 
202 

vitamm 1' in, 225 
Vitamin K in, 225 
tonics m 

based on cbcmical findings 205, 262 
bused on compcusutor> activity of 
paratlijroid glands 205 
based on etiolotty, 217, 2G2 
based oil seventy of bone disease, 
216 

X raj films in 
of femur, 230 
ofkidncjs 220 230 237 
of pelvis, 215, 237 

of pseudo fractures, 203, 209, 212, 
2J4, 215, 235 
of nb, 212, 255 
of ecjHuls 202 255 
of ttbm, 20S, 241 
of ulna, 214 
of vertebra, 22G 
of wrist, 233 

Osteo nephropiilhy See Ividncj , rena) 
iiiBUllicieiicj 

‘ Osteopathy, hunger”, 119 
Osteopetrosis (ostcusrlproais, marble 
hours, Albers bchuiibcrg's dis. 
case), 140 

Ijojio fragility in, bS 
X ny films iii, of legs, 140 
Oslcoporysia 

dkalinc phosplutaso in, m scrum, 
S3, 142, I4S 


Osteoporosis (Cont'd) 
and achylia gislnca, 149 
andacronicgalVjlSS See Acromegaly 
and "VdaplatJon syndrome" See 
Alarm reaction 

and adrenal cortical hormoiies, 163. 
1S3 

and alarm reaction, 1S2 See Harm 
reaction 

and albumin (scrum), 197, 204 
and atropbv of disuse See Osleoporo 
SIS and ilisuso 

and congenitil hypoestrinism 161 
X ray films m of vertebra, ICl 
and ^sfiing'a syndrome, 165 See 
Cusliiug’s syndrome 
and (babetes melhtus 145, 150 
and d]su<«, 147 

alkalmo phosphatase in, m scrum. 
S4 290 

and immobilisation M 147 290 
complication of other types of 
osteoporosis, 147 
blood chemistry m S4 148 
bone disease in See Osteoporosis 
1)0110 discaso in 
diagram, sclicmatic, of. 294 
X ray films in See Osteoporosis 
and disuse x ray films in 
calcium )» 

111 serum, &4 148 295 
lu uniie 80, 14S, 200 
charts of metabolic and dinieal 
data iu,S7,I91 

clinical aspects of See Ostcoporo 
SIS, tlmical aspects of 
clinical case history reports. So 293 
diagram, schematic, in, of bone 
discaso 294 

dificrcntiul diagnosis of, from jiri 
mury hypcrparathyToidisra, 84, 
147 

femur in, x ray film of, 85 
foot in X ray film of, 86 
m alarm reaction, 182 
m immoliifizccl child, S5, 14S 
ui immobilized Pagot’a disease, 148 
290 

mpust menopausal nomen, 147 
m bcnile osteoporosis, 1G2 
insurgtcd oiieraCions, 183 
phosphorus in, in scrum, 81, 148, 
295 

bkutl in nut affected by. 147 
teeth in, X ray films of, 87 
(Iicrii|*y of 

nlcmm m low intake of, 301 
mubifizatiun in, S6 
X ray films in 

of Ixmo immobibii’d nrius Ijont 
nut immubdized, 86 
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and disuse 

T ray films m (Coat’d) 
of femur. So 
of foot, 86 
of teeth, S7 

aad endocrine disorders loO 
and estrogen deficienc% , 130, 161, 100 
and eunuchoidism I6I 
and gastrectoraj j 149, 197 
and h\percalcemia inthiinmobiliza 
tion 

m growing child, SI, 14S 
III Paget’s disease, 14S, 205 
and hvperparathjToidism, pniDar\ 
S3 Sd 141 14a 
and h>’pogonadism, 161, 190 
foilielc stimulating hormone of pitu 
itary in 161 

and h\poMtaminosis C, loO 
and immobilization ^r< Osteojiorosis 
and disuso 

and kiduc) stones^ 146 
and male eunuchoidism 161 
and malnutrition, 14S, 162 
and menopause See Osteoporosis, 
post meoopau^I 

and old age See Osteoporosis senile 
ind orlhopedio ojierations, 1S3 
and oianan agenesis 161 
and Paget’s disease, 14S 154 29o 
and pituitarj horrauno dc&cienc} , 161 
and pituitary hormone oreruroduc 
lion, IhO 

and poliotu) clitis &4, 143 
and pregnaao , 197 
and protein stariation, 149, 130 
and scurvy 150 

and spinal fusion for spondiiotislhe 
818 1S5 

and surgical operations, 147 
and th>TOtaxicosu, 149 ISQ 
and \ulamin deficienc> 140 
as ph)sioIogic state after the mono 
pause, 146 

blood chcmislr} in S3 142 145 
bone disease in, 141 
acalcificalioD lersus dccolcificatiou 
of bone in 142 

albumin (serum) as precursor of 
bone matrix in, 197 201 
atrophy of bone in See Osteoporo 
813 and disuse 
diagram schematic, of, 32 
distribution of lesions in S3, S4, 
146 

disuse of bone as cause of See 
Osteoporosis and disuse 
fractures of bone in, 5»4, 159 
immobilization of bone as cause of 
See Osteoporosis and disuse 
lamina dura of teeth in, S6, S3, 
146 

operations on bone and, 135 


Osteoporosis 
bone disease in (Cont’d) 
vertebril changes in, 144 
xray films in See Osteoporosis, 
X ra> films in 
calcium in 

ui diet, high intake of, not indicated 
in therap>, 161 
m serum, 83, 141, 145 
elevated with immobilization m 
certain cases, 34 143 290 
III urine, 34 , SS, 146, 14S, 290 
amount of, and duration of dis 
ease 34 
cause of, 146 
clinical aspects of, 145 
conditions associated with, 145 
degree of, artificial rereas phjsiohp 
cal menopause and, 147 
diagram, schematic, in, of bone 
disease, 82 

differential diagnoais of, from pntnaiy 
hvperparathjToidism, S3, 83, 141, 
145 

duration of and amount of hjpcrcal 
cenua, 34 
idiopathic, 197 
abortion, therapeutic, JO 197 
bone disease in See Ostcoporosu, 
bone disease in 

albumin (Knim) as iiercursor of 
bone matrix in 19<, 201 
charts of metabolic and clinical 
data ID, 199,^ 202,203 
clioicul asi>ects of <Se« Osteoporo 
SIS, clinical aspects of 
clinical case hislorj report in, 198 
gastnc function in, 197 
17 kctoateroids in, m unne 201 
metabolic studj re(>ort in, 237 
11 oxj corticosteroids in, in unne, 
201 

protein m 

food protein in, high intake of, in 
therapj , 197 

plasma protein mtravcnouslj in 
Iherapv , 201 

serum albumin intravcnouslj in 
therupj, 197, 203, 204 
tberapj of 
acurogen in 197 
casein bjdrolvsatc in, IDS 
estrogen in, 197 
bver extract in, lOa 
plasma protein in, 201 
protein in, high intake of, 197 
serum afbumin in, 197, 203, 204 
sodium fluoride in, 197 
stomach extract m, 193 
vitamin V in, 197 
vitamin B in, 19S 
vitamin C in, 19i 
vitamin D in, 107 
vitamm E in 19a 
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Osteoporosis ^Cont'il) 
immobihzatioQ in, nsoidanco of. SI. 
U7, 161 

Ifimina dura of tcelli m, S), SC, 8S, 116 
neplirulitfiiasis in, 116 
of disuse See Osteoporosis and disuse 
phosphorus in 

m diet, high intahe of, uot mdicated 
in therapy 

m scrum, 141, 143 
in urine, S4 ^ 
post menopausal, 1% 
alkaline phosphatase m, m scrum, 
UC, 151--158 
tiloud chemistry in, 230 
bone disease in See Osteoporosis, 
bone disease in 
X ray films in, 141, 142, 143 
calcium in 

in diet, high intake of, uot tudi* 
cated in therapy , IGl 
in serum, 151-166 
in uriDQ, 131-138 

charts of metahofic and clinical 
daUin, 153, 135, 137,295 
clinical aspects of oce Ostcoporo* 
sis, clinical aspects of 
clinical case history reports m, 151, 
153 134.295 

follicle stimulating hormones of pi 
tmtary m, 151, 133. ISO, IM 
fractures of hip lit old uomcn wiUi, 
159 

immobilization in, contraindicated 
101 

incidence of, 150 

17 kctosteroids m, in urine, 151, 154, 
130, 15S. 159 

metabolic study reports in , 131 , 153, 
151 

11 oxycorticoslcroids m, in urine, 
13S 

phosi>horus m 

in diet, high intake of, not indi 
calcd in therapy, iCl 
in serum, 151-1& 
in urine, 151-158 
therapy of, 159 
androjjCn m, 139, ICO 
calcium in, high intake of, not 
indicated, ICl 

control of edema duo to steroid 
hormone therapy in, ICO 
estrogen in, 13S, ICO 
immobilization in, contraindicated 
161 

iiitcnmltent adminiatrulion of 
estrogen therapy to avoid 
dinger of cancer, ICO 
intermittent adnimisiration of 
cstrogrii therapy to avoid vagi 
ml hlciding not according to 
plan, ICO 


Osteoporosis 
post mciiopausa! 
therapy of (Cwit’d) 
plio-ishoru3 in, high intake of, not 
indicated, 161 

jirccautiuns m using steroid hor- 
mone therapy in, ICO 
progesterone in, 159 
protein in, high intake of, ICO 
response to, 139 

vaginal smear cvaminatinna, (o 
.avoid danger of cancer uiih 
estrogen thcrapv in, ICO 
vitamin D in higb intake of, not 
indicated, IGl 

X Fjy films in, of vertebra, 141. U2. 
143 

protein in 

in diet, dcficiencv of, as cause of 
bone disease 2-16, 130, 162 
in bcnim 149, 201 
albumin (scrum) as precursor of 
bojie matrix, 197 201,1^ 
seoitc, 162 

alkaline phospliatuso lo, in serus), 162 
and malnutrition, 162 
bone disease in See Oatioporosis, 
bone disease m 
calcium in 

in diet lugh intake of, not indi 
cated III therapy, 101 
IQ scrum, 1C2 
m urine, 163 

charts of metabolic and chiiical 
data in, IC3, 301 

clinical aspects of See Ostcoporo 
SIS, elintca) aspects <if 
clinical caia history report in, 162 
follicle stimulating hormone of 
pituitary in, 162 

fnetured hips m old nomon Kiih. 
162 

immobilization m, contramdicaicd, 
161 

17 koloatoroids in, in urine, 162 
metabolic study report in, 162 
pho’iphorus in 

in diet, hi|.h intako of, not mdi 
cated m therapy, 161 
in siruiu, 162 
m urine 163 
Ihcraiiy of, 139 
androgen in, 139, 166 
calcium III, high intake of, not 
uidiL ited, 161 

control of edema duo to steroid 
hormone therapy in, IGO 
estrogen m, 158, ICO 
iianioinlizution in, rontraindi- 
cated, 101 

aiiierniiltcnl administration of 
pstrogen ihcripy in female pa 
tients to a\ oul ifmger of cancer, 
ICO 
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setule 

tlierapj of (Cont’d) 
latermittcat adnimtstraltoa of ea 
tro^en therapv m female 
patients to avoid ragioal bleed* 
ing not according to plan, ICO 
phosphorus in, high intake of, not 
indicated, 161 

precautions in using steroid hor- 
mone therapy in, 160 
progesterone in, 150 
protein in, high intake of, ICO 
response to, laO, l&l 
use of estrogen therapy m old 
males receiving androgen ther 
apv to avoid overstunulation of 
prostate, 164 

vagmal smear csaminationa m 
female patients to avoid danger 
ofjianccr n ith estrogen therapy, 

vitamin D in high intake of, not 
indicated, 161 

underfuQction of steroid producing 
glands rer«u« old age per «e as 
cause in, 162 
table of causes of, UC 
teeth in 

lamina dura of, &4, S6, SS, 146 
X ra> film of, S7 
therapy of 

androgen in, 150, 150, 164, 167, 173, 
197 

calcium in, high intake of, not indi- 
cated, 161 

calcium in, loir intake of, 301 
edema due to steroid hormoDC 
therapy in, 160 

estrogen in, 147, 150, 153, ISO, ITS, 
185, 190, 197 

immobilization in, avoidance of, S4, 
147, 161 
in females 

intermittent admmistration of cs 
trogen therapy to avoid danger 
of cancer, ICO 

intermittent administration of 
estrogen therapy to avoid vagi 
nal bleeding not according to 
plan. ICO 

vaginal smear examinations to 
avoid danger of cancer mth 
estrogen therap>, ICO 
in males 

use of estrogen therapy contta- 
indicated in young patients 
because of danger of producing 
sterility , l!>3, 301 
use of estrogen therapy in old 
patients rccciv ing androgen 
therapy to avoid overstimula 
lion of prostate, 164 
mobilization in, S6, 301 


Osteoporosis 
therapy of (Cont’d) 
phosphorus to. high intake of, not 
indicated, 161 
plasma protein in, 201 
precautions in using steroid hormone 
therapy m, ICO 
progesCeronc in, 151, loO 
protem in, high intake of ICO 
scrum albumin in, 107, 203, 204 
vitamin D in. Ingh intake of, not 
indicated, 161 
X ray GJma in 

of bone immobilized rrrsus bone not 
iminuhiUzed, B6 
of femur, S5 
of foot, ^ 
of teeth, 87 

of vertebra, 141. 142. 143, 161 
OsteopsathyTusis Sif Osteogenesis im 
perfecta 

Osteosclerosis See Osteopetrosis 
Otosclerosis, in osteogenesis imperfecta, 
39 

Ovarian agenesis and osteoporosis, 161 
Oxalate kidney stoucs Set Neptiro 
hthissis 

11 Oxyeorlieosteroids m urine 
effect of fever on, 201 
effect of prolcm intake on, 201 
in acromegaly, 139, 192 
ID alarm reaction, 1S4 
ID Cushing’s syndrome, 163 
ID iiiiopatbic osteoporosis, 201 
IQ post menopausal osteoporosis, 1&> 
methods of analysis of, 311 
oormal values of, 165 
ll-Osysteroids See 11 Ox> corticoste- 
roids 


Paget’s disease (osteitis deformans), 
SI. 91, 2b4 

alkaline pho-ph.atase in, m serum, 
99. 2b9 

and alarm reaction, 290 
and hypercalcemia, 290 
and hypercalcum, 290 
and immobilization, 290 
and osteoclastomas. 2S5 
and osteoporosis, 154 
and osteoporosis from disu«e, 290 
and parathyroid funclio^a, 239 
and stress and strain, 2S5 
arteries in 

arteno venous aueuryam of bone in, 
2bl 

tiM-tuosity of temtioral vessels in, 
2!v4 

blood chemistry m, 91, 2S6 
blood flow inercaicd in, 2So 
bone disease in, 91, 2>1 
architectural value of bone in, ZM 
arteno venous aneurysm of bone in, 
254 



SUBJECT XNDE3: 


37Q 


Paget’s disease (osteitis defortnans) 
bone discaio in (Cont’d) 
cemeut lines uf bone in, 2S3,290 
diagram schematic, of j 2M 
distnbution of lesions in, 2S1 
fractures in 295 
rapid healing of, 293 
histologic sections of, 2SS 
initial lesion in, 

lesions m parts of skeleton under 
stress and strain, iSS 
lesiona^cscmhhng pseudofractures 

mosaic structure of bone in 2S5 200 
osteogemc sarcoma in, 2S9 
progression of 23d 
diagram, schematic, of, 2D3 
temperature of skin elevated over, 

2iri 

trabeculae in 2S5 
tumors in, 285 

X ray films in Set Paget's disease, 
X ray films m 
calcium in 
til diet 

high intake of, m therapy, SOI 
low intake of, in therapy of im 
mobilised coses, 301 
in scrum 91 2S0 
in urine, 91, 2$g 

charts of metabolic and clinical data 
in, 157, 295 
chemical death in, 200 
clinical case history reports in, 151,295 
dangen in, 299 

of causing kidncj stones with alkali 
intake, 301 

diai,rams, schematic, in 
of bone disease, 291 
show mg progression of bone disease, 
293 

differential diagnosis of 
from hjitcrparathsToidisin, priioaiy , 
91,234 

from osteitis fibrosa gcneralisata, 
235 

femur la, \ ray films of, 297, 29S 300 
follicle stimulating hormone of pilui 
tary in, 15S 
bcait fiifure vn, 2^ 
hercditaiy tendency in, 2S1 
histologic sections in, of bone, 2SS 
unmobilizution in, avoidance uf, id 
therapy, 301 
incidence of^ 2S9 

17 ketosteroids in, in urine, 1«>S, 299 
laboratory fiiiJiiigs m, 2S0 
metabolic stud> report in, 15t 
morbid anatomv of, 2Sl 
ncphruliUuosis m, 91 239 
nose in, dr^iicsa of, 301 
osteoblasts lu, 275 
ustcoclaslomis in, 235 


Paget’s disease (osteitis deformans) 
(Cont’d) 

osteoclasts in, 23 j 
osteogenic sarcoma in, 2S9 
pathologic ph>sio]og> of, 239 
phosphorus to 
IQ diet 

high intake of, in tlierap> , 301 
low intake of, in therapj of im 
mobilized cases, 301 
in scrum 91, 23d 
in urine 239 

skin temperature in, elevated over 
bone lesions, 234 
skull in 

E ross appearance of, 291 
istnlugic section of 291 


X ra> iilmsof 61,237 291 292 
coarsely moth-eaten appearance 
in 239 

stress and strain m 

loss of 10 reducing compensatory 
bone repur in, 290 
presence of in deienoming locslioa 
of bone lesions in, 235 
llierapv of 
^kaji ID, 301 

calnum contraindicated m patients 
receiving digitalis, 40 
calcium 111 high intake of, 301 
estrogen in 3U1 

immobilization m, avoidance of, 301 
m females 

inlcrnuctcnt administration rifcs 
trogen therapy to avoid danger 
of cancer, ICO 

mtemuttent administration of 
estrogen thcr ipy to avoid 
vaginal bleeding nut according 
to pivn, IGO 

vaginal smear cvaminations to 
avoid danger of cancer with 
estrogen therap) , ICO 
in immobilized patients 
calcium in, low intake of, 301 
estrogen in, 301 
fluids intravenously in, 3U1 
phosphorus in, low intake of, 301 
vitamin D in, low intake of 301 
water in, high intake of, 301 
m males^ use of estrogen contraindi 
rated in voung patients liccause of 
dvnger ot producing slenhtv , 13o, 
301 

mobilization in, 301 
parathyroidectomy in, 239 
phusplioms in hig)] intake of, 301 
vitamin C in, 301 
Vitamin 1) in, 301 

throat m, difficulty in swallowing and 
ilryni&s of 301 
tibia in, X ray films of, 203 
vascular disease as a cause of, 2^1 
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Psget'B disease (osteitis dctormaos 
(Cont’d) 

X ra> diagnosis of, 2S9 
X ^a^ films m 
of femur, 297 293 300 
of skull, 61, 237, 291, 292 
of tibia, 293 

of three zones of invoKcment of 
bone, 2S6, 2S9 

Pam 

m hj-perparathjToidism, 55 
in osteomalacia, 20li 
in osteoporosis, effect of hormone 
lherap> on, laO 
Pancreas 

diseases of and steatorrhea, 224 
hormone of Ste Insulin 
tumors of, and h\pcrparath\Toidism. 
4S 

Pancreatic ferments in chronic pancrea 
titis 224 

Pancreatitis, chronic, and 6t'‘alorThea, 
224 

Panh> nopituitansm 
and h}-poparathjToidi»m, 27 
and osteoporosis, IGl 
Parahsis, flaccid and osteoporosis, 147 
Pamtnormune 2b Si.« raraih>Toid 
hormone 

Paralh) mus glands, 101 
rarath)roid glands 
adenomata of, 49 ISS 
carcinomata of, oO 
compensator acimr of, in osteo 
malacta, 20o 
diseases of 

hjperhjpcrparathjToidism 77 Ste 
Poisoning parathyroid 
hjperparatbjruidiscn, primary, 46 
See nyperpiralii}Toidisai, pn 
mary 

diagrams, schematic, of 
with bone disease, 24 
without bone disease, 25 
hyperparatbyToidism, secondary, 
115 See Uj'perparathyroidism, 
secondary 

hypoparathyroidism, 27 See Uj- 
poparatb^TOldlsm 
diagram schematic, of, 22 
parathj-rQid poisoning 77 See Pot 
soning paratbjToid 
parathyroid tumors, 49 
pseudo b\'poparathyToidism.40 See 
Pseudo hj-poparatfivTOioum 
germinative centers in, 46 
gross appearance of, in primary hyper 
paralhjToidism, 71 
histologic sections of, 
in hyperparatbjTOidism, pnma/y, 
oO 52, 76 

m hyperparathyroidism, secondary, 
52 

in pseudo hj'poparathjTOidism, 3S 


ParathiTOid glands (Ctont’d) 
histology of 49 

hormone of See Parathjroid hor 
mone 

h>'pcrp]asia of 

induced by sodium phosphate. 47. 

116 i t' , > 

prunaiy See ParalbiToid glands 
hwicrtroph} (pnmary hyper 

plasia) of 

secondar , 23, 51, 115 
‘hypertrophy and hyperplasia” of 
See Parathyroid glands hiper 
trophy (primary hypeiplasiaj of 
hypertrophy (primary hipcrplasia) 
of, Si 

and pituitary parathyTOtropbic hor 
■none, 54 

hormone content of glands with 
hypertrophy, 54 

‘ hyyiertrophy ’ icrsus ‘ hypertrophy 
and hypierplasia”, 51 
lesions of, and eosinophilic tassors of 
the pituitary , isS 
parathiToidomata of, 49 
pathologic physiology of, 23 
pathology of 

ID hipeiparalbyToidism, pnmaiy, 

49 

in hyperparathyroidism, secoadary 
53 Ho 

IQ renal osteitis fibrosa geocralisata, 
53 115 

physiology of, in normal (isoparathy 
roidism), 1 

diagram schematic, of, 3 
sequcucc of eienis m 
ID formation of adenomata, 45 
ID renal osteitis fibrosa generalisata 
leading to hyperplasia of, 116 
size of, reduced by calcium gluconate, 
47 

surgery of, in hyperparathyroidism, 

100 

tumors of, 49 
weight 

of hypertrophied glands, 51 
of normal glands, 51 
X ray films of tumor in mediastinum, 

101 

use of barium m esophagus in demon 
strating tumor, 101 
X ray irradiation of, effect on course of 
primary hyperparathyroidism of, 

99 

ParathyTDid hormone 
action of 

direct, on bone, 20, 67 
first, on phosphorus metabolism 
ceriue on bone, 17 23 07, 110 

tcrsiu on calcium metabohsai, IT, 
IS 
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Paralhjroid hormone 
action of (Cool’d) 
m presence of kidney glomerular 
disease, 231 
mode of, 13 
studies on, 10 

two schools of thought conceroing. 
13. 23 

and acidosis, 21 
and acromegaly, 1S3 
and Addison’s disease, 27 
jnd affinity of creatine for phosphonc 
acid 20 

and aiitihurmono formation, 20, 42 
and h> perparathj roidism, 46 
and hjTioparathj roidism, 27 
and pseudo hypoparathjToidism, 40 
and renal osteitis Tihrosa generahsata, 
231 

assay of, 26 

charts of metabolic effects of, 12, 13, 
19, 37, 39, 222 
chemistry of, 24 

chloride e\crction induced by, 59 
conuDcrcial preparations of, 25 
content of glands \Mth hy[>crtropliy, 

dmCTams, schematic 
of hyperparathyroidism 
with bono disease, 24 
w ithout bono disease, 25 
of hypoparathyroidism, 22 
of isoparathyroidism, 3 
diuresis induced by, 59 
efTcct of 

on bone resorption, 21 
on cakmtn 
m fcccs, 19, 134, 222 ’ 
in scrum, 10, 10, 134, 222 
in urine, 11, 19 73, 222 
on kidney tubules, 20, 134 
on ncphrcctomized animals, 20 
on phosphorus 
III feces. 17, 19,222 
m serum, 10, 19, 134 222 
in urmc, 11, IS 19, 131,222 
on renal osteitis fibrosa gcucruiisata, 
20 

on siluration of calcium and pbos 
phurus ions in body iluids, 15, 17 
inorgiiiuc base cxcrct ion induced by, 59 
low calcium in scrum as stimulus to 
production of, 46 
mclnbolic chunges from, 10 
official prcpirition of, 20 
physiolofiy of, 15 

poisoning with See I’oisoning, pira* 
thyroi i 

question of similar hormone prcHiuccd 
by metastasis from byiier 
nephroma 93 

table of relative clTrct of vitamin D, 
dihjdnitachysicroJ, and, 134 
therapy with 
m liypoparathyToidism, 40 


l*arathyroid hormone 
therapy luth (Cont’d) 
lu post pirathyroidectomv tetany 
of primary liypeniarathyToidism 
Kith bone disease, 109 
in pseudo hypoparathyroidism, 44 
use m phosphorus diuresis test (Llls- 
worth Uonard test), 44 
water excretion induced by, 50 
ParathyToid potsuniug See Poisoning, 
parathyroid 

Paralhyroidomiita of parathyroid 
glands, 49 

Paralhyrotrojihic liormoiic. pituitary, 
and hyperparathyroidism, 54 
Partition chromatography on paper of 
ammo acids, 2oS 

Pathologic specimens See flfustra 
tions. pathologic specimens 
PalicDts, pholograjdis of See illustra- 
tions, patients 

Pclm 

predilection for bone disease m Cush- 
ing’s syndrome, 175 
X ray lilms of 

III Cushing’s syndrome, ITS, 170 
ID hypcrnepliroma with bone mclas- 
(uses, 92 

in metastatic maligtiuney, 02 
m morbus coxae senilis, 130 
ID osteomalacia and Milkman’s syn- 
drome, 215 

ID osteomalacia aud renal acidosis 
of the tubular insufficiency • 
without glomerular insufficiency 
type. 237 

m polyostotic Ehrous dysplasia, 2S0 
operativo repair of ‘shepherd- 
crook” deformity, 2S0, 2Sl 
pll 

of body fluids effect on calcium me 
tabohsm, 7, 0, 20, 110, 301 
of urine, and presence of calcium 

te )hBtc casts,05 
e, alkalino 
and clycogcn, 0 

and lorid calcifying factor, 15, 10 
and osteoblasts 0,10,144 
aiwl pUosphory la's! , G 
effect of, on phosphorous ions, 0, 10, 
10 

m hone, 6 

incnslro inUslinal tract, 0 
in kidney, 0 
in scrum 
as index 

of lionc iJivejsej CS 
of lione formation, GS 
of osteohl'iatic activity, 0 
(h pressed, 33. 142, 295 
effeet of androgen on, 159, 173 
C0CCI of estrogrii on, 15S, I'JO 
effect of jaundice on, 0 
effect of liver disease on 6 S3 
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Phosphatase, alkaline 
m serum (Cont’d) 
effect of scurv> on, 150 
elerated, 15, 73, 8S, SO, 90, 91 , 92, 96. 
KM, 118, 144,205,218,224.3^.277. 
2S7 

m acromegaly, 1S3 
u acute osteoporosis of disuse, 81. 
290 

m Boeck’s sarcoid, 96 
m Fanconi s^-ndrome, 2b2 
m groiving children, 6, 86 
ID hyperparathjToidi«m, primary 
with bone disease, 73, 144 
after parathjToidectomy, 101. 

113 

without bone disease, 63, 73 
in hyperparathyroidism, secondary. 
See Phosphatase, alkaline, in 
serum, in osteomalacia, and in 
renal osteitis Gbroaa gcncraliaata 
in hy’poparathjTOidism, 33 
in idiopathic hynercalcuria, 260 
in immobilized cliild. Si 
in immobilized Paget's disease, 290 
m metastatic malignanei , 92 
effect ol 't ra\ imiiatton oa boue 
metatases, 94 
in multiple myeloma, 92 
in osteitis fibrosa gcncralisata, 144 
m Osteogenesis imperfecta, $9 
m osteomalacia, 34, S$, 144, 205, 
224,262 

in osteoporosis, S3, 142. 146 
js Paeet’s disease, 91, 289 
ID polyostotic fibrous dysplasia, 90, 
273 

m pseudo hi'poparathyToidisa), 40 
in renal acidosis, 227 , 258, 2C2 
m renal insufficiency 
with azotemia, 118 
without azotemia, 223, 25S, 2C2 
in renal osteitis fibrosa gencralisata, 
IIS 

in steatorrhea with osteomalaua, 
205, 224, 262 
in tetany ,34, KM, 262 
methods of analysis of, 311 
normal yalucs of, 6 
m teeth, G 

role of, in Itooo formatioa, 6 

Phosphate See Phosphorus 

Phosphate, calcium .Sre Calcium phos 
phate 

Pho pnate, creatine ^reCreatme phos- 
phate 

Phosphate kidney stones See Nepbro 
Iilhuisis 

Phosphate, sodium See Sodium phos- 
phate 

Phospfionc acid, affinity of creatine for, 
increased by parathyroid hor 
mone, 20 


Phosphorus 

abwrption of See Phosphorus in 
gastro intestinal tract ’ 
balances of 

charts of mter rclatioaships 
of calcium, nitrogen, and phos- 
phorus balances 3(M 
of nitrogen, potassium, sulfur, and 
phosphorus balances, 306 
theoretical balances, calculation of. 
303 

diuresis test with iniralhyroid hormone 
(EUsnorth Howard test), 44 
elemental, poisoning nith, 139 
ewretion of See Phosphorus, in 
feces, Pho*phorus, in unne 
ID bone, formula of, 4 
IQ diet 

charts oi melahoiie cReeta of, 21, 124 
effect of 

on bone resorption, 149 
on calcium 
in feces, 125 
in unne, 20, 99 
on phosphorus 
in feces, 123 
tn urine, 21, 99 
m feces 

after feeding cnl irely by veto, 1S7 
effect of aluminum bydroyideoa,3S, 
96, 121 

effect of calcium intake oo, 125 
effect of estrogen on, 15S, 103 
effect of psrathvTDid nortnone, on, 17 
effect of phorpiiorus intake on, 135 
effect of ritonuD Don 123 
in hypcrparathyToidism, primary, 

in brperparathyToidism, sceondary 
See Phosphorus in feces in osieo- 
malaria, and in renal osteitis fi 
brosa generalisata 
m hypoparathyroidism, 128, 1!^, 
134 

la hrpoTitamiuo'ia D, 218 
m osteomalacia, 125, 218, 221 
lo renal osteitis fibrosa gcncralisata, 
120 

m vitamin D deficiency, 218 
m yitomm 1) resistance, 125, 211 
methods of analysts of, 311 
lo gastro intestinal tract 
effect of aluminum hydroxide on 
absotption of, 33, 9G, 121 
effect of dietary fat on absorption of, 
221 

in scrum 

chart of relatiousliip to calcium, 14 
creatine phosphate, 9 
effect of aluminum hydroxide on, 23 
cflcct of nndrogcn on, 159 
effect of diliydiotycliystcrol on, IJt, 
134. 22 
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Phosphorus 
in scrum (Coiil'd) 
effect of estrogen on, loh, 190 
effect of paraihjrotd hormone on. 
10, 104, 222 

effect of vitamin D on, 127, 134, 222 
hyperphosphatemin, 10 , 33, 41, 77, 

91, 92, 95, 93, 116 112, ISS, 2S6 
hypopho<ipliatemij, 15 72, 33, 91, 

92, 95, 104, 144, 20o, 21b, 224, 257. 
263 

m acromegaly, IbS 
m acute osteoporosis of disuse. 84. 
148, 205 

in Uucck’s earcoij, 90 
in Fanconi sjneirome, 257 
in growing children, 4, S6 
m hypcrjiarallijrmdism, primary 
effect of T ray irradiation of para 
(hjTOid glands oil 09 
w ith bone iliscasc, 72 
after parallnroideclomv, 22, 
104, 108 2G2 

effect of high phosphorus intake 
on, 21. 9J 

Without bone disease, 72 
aft^ parathyroidectomy, 23, 

in hyperparathyroidism, secondary 
Stc Phosphorus lu scrum in osico 
jnalaciu, and in renal osteitis 
fihrou gGucralisata 
in hypervitaffliiiosis D,95 
in hypoparathyToidism 33 
m hypovjtamiuosis D, 217, 218, 223, 
202 

in idiopathic liypcrcalcuna 2t>0, 263 
in Jaunobiliscd child, 84, 14S 
in immobilized Paget's disciae, 143, 
295 

in metastatic malign inc> , 92 
effect of X my irradiutioii of bone 
mctoatascs on, 93 
ID multiple myeloma, 91 
in osteitis iibro%a gencriilis.it i, 144 
m osteogenesis Imperfecta, bO 
m osteomalacia, 34, bb, 142, 205 
in nstcoporo'iis, S3, 142 145 
III Paget’a disease. 91, 2btj 
in panithyroul poisoning, 77 
III pohostotie Itbroua displasia, 90, 
277 

m pseudo hyp(>parath>Toidisni, 41 
m ren d acidosis, 227, 232, 257 
in ren d insutficicncv 
with azotemia, 35, 115, 2.31, 233 
Without azutoinn, 227, 202 
in renal oslt itis fibros i gcneralis ila, 
35. 115 2:11, 233 

III stoiturrhea with <»Uomalacia, 
2t)J 224, 262 

in synilromc rcsiilluig from pro 
longed and ixcossivo intake of 
Ridk and alkali, 98 


Pboophorus 
in scrum (Cont’d) 
lo vitamin D poisoning, 95 
methods of analysis of, 311 
normal values of, 4 
protein bound, 8 

relation of, to scrum calcium 7, 15 
solubility product of, 7, 9, 13, 16 
in spinal fluid, 8 
in unne 

calcium phosphate sand, 65 
effect of ammoDiuni chloride on, 18 
etfcct of dihydrotichystcrol on, 36, 
131 

effect of cstcrogen on, 153, 192 
effect of parcthyroid hormone on, 11 
effect of vitamin D on, 130 
hvperphosphaluna, 11, 15, oS, 95, 
99 257, 287 

hyiMiphosplnturia, 10, 39 lot, 130 
III Fanconi syndrome, 257 
in liypcrp iratbyroidism, primary, 57 
with bone discise, 57 
after parathyroidectomy, 23, 
104, 103 

effect of high phosphorus id 
take on, 21, 00 
without bone disease, 57 
after paratliyToidccloniy 103 
10 byiicrpanthyroidism, secondary 
Ste Phosphorus in urino in osleo 
malocin, and in renal osteitis 
fibrosa gcncnihii.ita 
ID liypovilaminosis D 95 
in oatetigcnesis imiier/ecta 89 
in osteomalacia, 2:13 257, 260 
in osteoporosis, b4 
in Paget’s disease, 2S9 
m pscuilo hypoparutbyroidism 44 
in renal msulucicncy with uzotemu, 
231 

III renal nsteilis fibroma gencralis.ilu, 
120,231 

invitamin D puisi>uiiig,9S 
methods of analysis of, 311 
relation of hvtieqihoophaturia to 
td^cosu^la m oslonnulicia and 
renal acidosis of Iho Paticoiit 
BViuiroiue tv pc 257 

inorganic Phoiphonia, m serum 
ions 

effect of alkaline phosphataac on, C, 
10. 16 

effect of JoraJ rnleifviagfaeloron, J6 
effect of ph(><]ihory lose on, 6, 10, 16 
Eaturatiun, undcrsaturutiuii, and 
»iu;«erjoluriiliDii of, in body fluids, 

S 9, 17 

metalKilism of, t 
orginic rumjiounih of, 4 
ptralhyroiil hyjierpK'ia indurcd by 
iiijvgUuii of, 47, 111) 
retention of 
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Phosphonis 
retention of (Cont’d) 

in hiTjerparathyroidisim with renal 
disease, 115 

m renal osteitis fibrosa generalisata 
117^ 231 

theoretical balance of, 18, 303 
methods of calculation of, 303 
Phosphorus to-calcium ratio m bone 
Sec Calcium to phosphorus ratio 
in bone 

Phosphorus to nitrogen ratio in proto* 
plasm See Nitrogen to pbo«pho 
rus ratio in protoplasm 
Phosphor> lase 
and alkaline phosphatase, 6 
and gl>cagen, 6 

and local calcif>’ing factor, 15, 16 
and osteoblasts, 6, 10 
effect on phosphorus tons, 6, 10, 16 
role of, in bone formation, 6 
Photographs of patients ^e Illustra- 
tions, patients, photOCTsphs of 
Ph^sjolop of parathyroid gbods, 1 
"Pigeon breast” deformity of chest lo 
hyperparathyroidism, 56 
Pigmentation 

“coast of Califorma”, m neurofibro- 
matosis, 206, 276 

“C 03 St-of Maine”, in polyostotic fi- 
brous dysplasia, 2&i, 2G6, 776 
Pineal syndromo 

and pohostotic fibrous dvsplasia, 269 
hypothalamic lesions m, 206 
setual precocity to, 209 
Pituitary gland 

and llyperparalh^TOl(^lsm, prunaiy, 48 
and hypoparatfayToidism, 27 
and osteoporosis, 161 
diseases of 
acromegaly , 43, ISO 
panhypopituitarism, 161 
hormones of 

adrenocorticotropbic hormone See 
Vdrcnocorticotrophic hormone, 
pituitary 

dcfirieno of, and osteoporosis, 16t 
follicle stimulating hormone Ste 
Follicle - stimulating bortnooe, 
pituitary 

gonadotrophic hormones See Fof- 
iiclc stimulating hormone, pitu- 
itar\ , and Luteinizing hormone, 
pituituy 

growth hormone See Grotrlb hor- 
mone pituitary 

luteinizing hormone See I^uteimz- 
ing hormone, pituitary 
oierproduction of, and osteoi>orosis, 
ISJ 

parathyrotrophic hormone SfcPara- 
ihyrotrophic hormone, pitmtaiyr 
thyrotrophic hormone See Tbyro- 
trophic hormone, pituitary 


Pituitary gland (Cont’d) 
tumora o^and hyperparathyroidism, 

Placenta, loss of calcium in prcgnanc\, 
from, 1 ' ’ 

Plasma protein See Protein, plasma 
Poisoning 

elemental phosphorus, 139 
parathyToid 
blood chemistry in, 79 
calcium in 
in diet 

high intake of, dangerous, 79 
low intake of, in therapy , 79 
ID scrum, 77 
critical lesel of, 79 
calcium deposits m, 77, 79 
chemical death in, 79 
danger signals of, 79 
dehydration in, SI 
hisrologie sections in 
of ki3nc\ , 64, 72 
of lung, 78 
of sionuch, 72 

ki^ey in, histologic sections of, 64, 

lung in, histologic sections of, 72 
metastatic calcineation ID 77 
phosphorus in, in «erum, 1 1 
stomach in, histologic sections of, 72 
therapy of 

caJaum in, high mtske of, danger 
ous, 79 

calcium in, low intake of, 70 
iolra\cnou8 saline in, 79 
vitamin D 
anorexia in, 03 
blood fbenustry la, 05 
calcium in 
in serum, 05 
!□ urine, 05 
chemical death in, 05 
constipation in, So 
differential diagnosis of, from pri- 
mary hyperparathyroidism, 96 
eves in, calcium depo«il3 of, 07 
kldncv m, impaired function of, 95 
metastatic caWificatioo in, 95 
muccular weakness in, 95 
phosphorus in 

in diet, low intake of, in therapy, 
'i6 

in serum, 05 
m unne, 95 

poi«,oQiDg rersus hyTtcrvitarainosis, 
95 

polydipsia in, 05 
polyuria in, 93 
sequence of events ID, 95 
simulating hyperparathyroidism, 96 
tbera]>y of 

aluminum by droxide m, 96 
diet m, 9C 
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Poisoning 
vitamin D 
therapy of (Cont’d) 
immobiUzation in , avnidancn of, 9& 
intravenous satinc in, 06 
phosphorus in, low intake of, 06 
water in, 96 

Poliuin>cliti3 (infantile paralysis) and 
osteoporosis, S4, 14S 
Poljdipsia 

in hj'pcrparathjToidism, 53 
m vitamin 0 poisoning, 95 
Polyostotic fibrous d>splasia (osteitis 
fibrosa disscminala, Albn^t’s 
sj ndrome) , 90, 

alkaline phosphatase in, in serum, 90, 
273 

and h^perlhjroidism, 277 
and hpojd granulomatosis, 273 
and neurofibromatosis, 270 
and pineal syndrome, 260 
blood ciemisliy in, 90, 277 
bone 

8ge in, precocious, 264, 267 
disease in, 263 

dccalcilieation, generalized, absent 
in, 263 

distribution of lesions in, 264, 267, 
279 

djschondroplasia lu, 26t 
fractures lu, 263 
histologic sections in, 272 
hjperostosis in, 00, 263, 270 
lamina dura present in, 263 
lesions rcscnioliog pscudofraetures 
in, 208 

“shepherd crook deformilv “ in, 
2^,2 a0 282 

surgcr> of deformities in, 279 
X ra> films in Sec Poljostotic 
fibrous d>E]}lasia, x ra> films in 
calcium in, in scrum, 90, 277 
climciil cose hislury report in, 276 
cutaneous pigmentation m, 264 
compared w ith pigmentation of neu* 
rohbromatosiB, 2G6, 276 
diagrams, schematic, in 
of distribution of bone lesions, 261, 
267, 270 

of o|)erati\c repvir of "shepherd- 
crook deformitv”, 281 
differcntml diagnosis of, 273 
from primary h>pcrparsth>Toidisni, 
90, 263 

discussion concerning the naming of 
this disorder, 2S2 

distribution of lesions in, 90, 2C3, 261, 
270 

d>bchondroplasia in, 264 
endoenne disturbance in, 267 
fullicic stimulating hormone of pitu- 
itary in, 269, 277 
fractures in, 263 
handsin.x rai film of, 265,214) 
histologic sections in, of Ixinc, 272 


Poljostotic fibrous dvsplasia (Cont’d) 
hjpcrostosis in, 90, 263, 270 
hypothalamic lesions in, 269 
mtomplete cases of, 272 
in females, sexual precocity of. 2o6 
to males, absence of rases of, 209 
m skeleton from vou Recklingliauscu 
labeled "osteitis librosa gencrali- 
sata", 2S2 

17 kelostcroids in, m urine, 277 
knees m. \ ra> film of, 2GS 
lamina dura of teeth in, 2G3 
luteinizing hormone of pituitary in, 
209, 277 

mental retardation m, 272 
morbid aiialomv of, 2(33 
nctiro humoral disturbance in, 270 
neurological changes in, 272 
pathologic pliysioiogy of. 207 
pelvis m, X ray film of, 2S0 
phosphorus in, in scrum, 90, 277 
photograph of patient wilb, 278 
pressure on hypothalamus os cause 
for sexual precocity in, 270 
prognosis in, 277 
pseudarthrosis m 208,263 
radius in, x ray film 273 
relalioo to osteitis fibrosa generahsala 
with hy )icn>arat1iyT0idiEDi (von 
Recklinghausen's discabo), 2S3 
"shcplieriJ-crook deformity” in, 263, 

skull in, X ray films of, 270, 271 
surgery of bone deformities m, 279 
therapy with orthopedic surgery id, 
279 

thyroid gland in, 277 
tibia in. \ ray him of, 20S 
ulna m, x ray film of, 273 
X ray films in 
of hands, 265, 2G6 
of knees, 2GS 

of operalivo repair of "Shepherd- 
crook deformity”, 2S0, 2sl 
of pchis, 280 
of radius, 273 
of skull, 270,271 
of tibia, 208 
of ulna, 273 
Polyuna 

m hypcni'^rathvroidism, 5S 
in vilamin D poisuniiig, 95 
Post menopausal state and osteoporosis, 
ISO 

Potassium 

balances 

charia of inter relationships of nitro- 
gen, phosphorus, sulfur, and po- 
tassium halaneis, 906 
theoretical, calculation of, 308 
(antilv )M noUic jiaraly sis ^ce Potas- 
sium in serum, Iiyjiokalii mia 
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Potassium (Cont’d) 
m serum 

liypokalumn, 22S, 237, 253, 254 
li>pokaIicmia m renal acidosis of 
the tubular iusu£liciCQc> with 
out glomerular iiisufficienc) 
t\pe induced bi ammonium ehio 
riJc 22S 

in Cushing’s syndrome, 1G5 
m renal acidosis, 22S, 237, 253, 254 
in renal insufficiencj ivithout azole 
mia 22S 237, 2o3,251 
methods of analysis of, 311 
in unne 

effect of ammonium chlondc on, 249 
liiperkaburia 228,237,249 2d3, 2i>4 
methods of aDal)8i3 of, 311 
low potassium s>ndrome See Potos 
Slum in serum, hjpokalumia 
metabolism 

e^ect of am/nooium chloride on, 2J9 
effect of neutral ash, acid ash, and 
alkaline ash intakes on, 247 
in acidosis, 249 
Potassium citrate 
effect on calcium in urine, 234 
tberapj- nilh.in osteomalacia, 234, 2€0 
Potassium to nitrogen ratio in proto 
plasm iSre Nitrogen to potassium 
ratio io protoplasm 

Precocious meustruatiun in pol>o$to(ic 
fibrous d^ splasia, 267, 2i7 
Precocious 6caibt>, 161 
Precocitt setual 
111 pineal 8>'ndrome, 2G9 
in pu1)ostotie fibrous d}8pl38ia, 2C0 
I*regnancy 
and calcium loas, 1 
cb irt of maternal loM, 2 
and h>perparalh} roidism 
primar> , 46 
secondary, 115 

and idiopathic osteoporosis, 197 
and osteomalacia, 46 
teeth in 

decalcification absent in, 2 
decay of, and calcium metabobstn, 2 
Pregnenolone 

therapy yyitli in osteoporosis 153 
effect of, on 17 ketostcroids in unne, 
154 

Premann 160 See Estrogen therapy 
Preparations of paratbyToid burmooe 
commercial, 2o 
official, 26 
Progesterone 
effect of 

on foJIicIe-stimuJatjng hormOBC of 
pituitary, 15S 

on 17 kelosterouU in unne, 15S 
therapy intli 

chart of metabolic effects of, 157 
III acromegaly, liX) 
in osteoporosis, 151, 100 


Prostite 

bone metastases lu cancer of, 92 
use of estrogen ihtrapy to avoid oier 
stmiulation of, with androgen 
therapy in oIJ males, 164 
Protein 
IO diet 

chart of metabolic effects of, 202 
effect of 

ou idiopatliic osteoporosis, 197 
on 17 ketostcroids in unne, 201 
on 11 oxy corticosteroids m urine, 
ail 
in scrum 
albumin 

and bone maint, 197, 261 
and osteoporosu, 197 264 
and bone fomiation, U9, 2t)l 
and calcium in scrum, 7, 73 92, 90 
chart for ileterTOimiig calcium ion 
concentration from calcium in 
serum and prolcin in serum, S 
hypcrprolcinetma, 92 96 
Iiy^prolcinemia 7, 73, 149, inS, 201 
muoecks sarcoid 96 
in byprrparatbyroidjjun 73 
in multiple myeloma 92 
ID osteoporosis 149, 201 
methods of analysis of, 31] 
m urine, Bence-doiics type, in mul 
tipic myeloma, 91 

Protein, plasma, therapy with, in idio 
paUiic osteoporosis, 201 
Protein starvation 
and acromegaly , 189 
and bone formation 149 IS!) 
and osteoporosis, 149 loti 
Protein to nitrogen ratio in {irotoptasra 
See Nitrogen to protein ratio in 
protoplasm 

Prothrombin lime in steatorrhea 224 
Prolojdaam, factors used in Jcniing 
certain components of, 303 
IVotoplasm to nitrogen ratio Are Ni 
Irogcn to protoplasm ratio 
P<eudafthr(iais in polyostotic fibrous 
dysplasia, 20S 

Pscudofracturcs in ostconi ihcu ami 
Milkman’s syiidromc, VS, 206-2J0 
IcMona resembling, in other bone 
diseases, 208 

Pseudo bypupuralhyroulism 
alkaline phosphatase in, in serum, 40 
bone disease in, 44 
cpipliybcs HI, early closure of, 44 
T ray films in, 42, 43 
calcium in 
in oerum, 41 
in urine 40 

ciiarts of clinical data in^ 3<, 39 
dcyclopmcntal abnormalities in, 40 
differential diagnosis of from hyi» 
parnthyroidism, 40 44 
face in roundness of 44 
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Pseudo hypoparathjioidism (Cont’d) 
fingers in, shortness of, U 
hands m 

development il abnormalities of, 40 
\ ray hhns of, -jS, 43 
metistafic calcification lu, 45 
parathyroid glands m 
histologic section of, 3S 
pathologi of, 44 
phosphorus diuresis teat in, 44 
phosphorus m 
in serum, 41 
m urmc, 44 

photographs of naliouta with, 40. 11. 
42. 43 

staluro in. shorlncss of 44 
therapy of 

<lih>drotach)6tcrol in, 44 
parathjroid hormone in 41 
\ rij films til, of hands, 42, 43 
I’j clonephritis 

and idiopathic hjpercalcuriu 2C2 
ami osteomalacia, 250 

Radium poisoning, 93 
Radius X ray hints of, in poi^ostotic 
fihroue dj splasia 273 
Reagent. Sulkonitch ^ee Sulkowitch 
solution 

Recklinghausen's disease, von 
relation to jiolyostolic fibrous dys 
plasm (osteitis fibrosa dtsscmi 
natu), 2^ 

See OfetLilis fibrosa gcncrahsata and 
hy perparath> roidism 
Renal acidosis of the hancoiii syudronic 
type iSis Osieomalaci t and renal 
acidosis of tlio hancotii syndroiiio 
type 

Renal acidosis of the tubular insufli 
cicncy without Blomcrular 
iiiBulncicncy type ore Osteoma 
laria and icnal acidosis of the 
tubular msunicicncy w itliout 
glomerular uisufiiciciiry typo 
Renal disorders See Ridncy 
Renal glycosuria 

m osteomalacia and Milkman’s eyn 
drome, 200 

m osteomalacia and renal aetdosss of 
the lanconi syndrome tyjw, 257 
Renal osteitis fibrnsi gcncndisata ( ni 
lul rickets") 
acidosis in, 117, 232 
due to retention of acid radicals,232 
alkaline pliospbaiasc in, in scrum, lib 
and ln])crparathyroidism, secondary, 
115,231 

ancniiA in, 120 

arteriosclerosis of MouckclicrB typo 
in, J18 

base 111, shortage of, 232 

blood chemistry m, 35, 117, 231, 233 


Renal osteitis fibrosa ceucralisata 
(Cont'd) 

bone disease in, IIG 
ncalcificalion of bnuc ui, 231 
(fecafcificatiou of bone in, 9, 20, IIC 
epiphyseal lesions in, 110 
histologic section of, 120 
patiiologv in, 231 
sequence of events m 120 
xriy films of <Src Renal osteitis 
fibrosa gcncralisata x ray films of 
calcium in 

in diet luLh intake of m tbcrinv, 
120 

in fcccs, 121 

in serum 35, IIC, 231 233 
in unite, 121 231 
in urine 121 231 
clinical cast history report in, IIS 
cfinicaf findings in, 117 232 
differential diagnosis of, 121 
effect of aluminum livdroxido on iib 
sorption of pliosphorus from gas 
tro intestinal tract lu, 121 
etiology of 110 231 
fcniurin slippcdipipiiysisof lib 
hands in 

photographs of, 117 
X ra> Wins of, 117 
histologic sections in, of bone J20 
liypc^unRhyToidism, secondary, in, 

kidiity disease in 

differential diiignoMS of, from tbit 
in ostcomnlaci i and renal acidosis 
of the tubular iiisufficicney willi 
out glomtruhr msulhciency lyiio, 
231 

function mijiaircd in, 117 
pathology of, 231 
gross apppiiranct of kidneys, II9 
metastatic t ilcifiralioii in, lib 
neck of ore uis in gross iippcarancc of, 
119 

p vrathyroid glands in 
hormone of, 20 231 
pathology of, 5.3, 115 
pathologic physiology of, IIC, 120, 231 
phosphorus in 
in feces, 120 
in8crum,35 115 231,233 
m urine, 120 231 
prognosis of, IJO 

relation to osteomalacia and true 
nckits 231 

bcnuenco of events in, 231 
ill igram of, 233 
leading to bone ili‘<casc, IJ) 
leading to iMirathyroid by{>en bsi i, 

no 

tetauy iu, 120 See Tetany, duo to 
hvjiocalccmia 

emergency tbcripy of, with calcium 
{.Imoiiato intravenously, 40, 113 
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Ucnal ostcitifl fibrosa Kcocralmla 
telmj in (Cont’d) 
tbcrapi of 6<e Renal osteitis fi 
brosa Kcncralisata, tlicrapj of 
llicrap> of 

calcium in, high intake of, 120 
calcium gluconate in, 120 
citric acid iii, 119 
sodium citrate in, 119 
\itumm D in, 120 
aurlcbra in, \ raj films of,IlS 
X raj films in 
of hands, 117 
of tertebra, 118 

Renal oatcopathj ^re I\idne>, renal 
insufficiency 

Resistance to Mtamm D, and osteoma* 
lacia, 217 

Resistant nekets Sie Osteomalacia 
and resistance to Mtamm D 
Rib 

histologic section of, m osteomalacia 
and Milkman's syndrome, 213 
X rav films of, in ostconulacia and 
^lllkmaQ’8 sjndromc, 212, 255 
Rickets 5ce Osteomalacia 
Rickets, ‘ renal" S(« Renal osteitis 
fihrus .1 kCDcralisala 

Rickets resistant See Ofitcomalacia 
and resistance to Mtamm D 
Rickets, ‘ true" See OstoomaJacia 

Saline, mlratcnous thenpt hiiIi, 
in hnwrparathjroidism, 79, *>9 
m h)])crMlamino8is D, 90 
in pamthjroid poisoning, 79 
Sarcoid See llocck's aairuid 
barcoma ocstogcnic, in I’nget’s disease, 
2S9 

Saturation of calcium and phosphorus 
ions in ImkIj fluids See Calcium 
ions, Kidnev, I’amthvroid hor* 
niuiic, anil i’iiosphorus tons 
S U b See ^um-of the base sparing 
mechanisms 

Scapula, s rai films of, in osteomalacia 
and Milkman’s sjridromc, 209 2a5 
Schematic diagrams See Illustrations, 
diagrams ^chcmallc 
Schmorlschcs Knulchcn” See Nucleus 
puilKl^us hcmiationof macriehra 
Sccrlae. blue in oatcogenisis iQipirftcta, 
69 

bcuraa 

alkaline phus]>hatasc in, in bcrum, ISO 
and ustcoiKirusis, ISO 
liunc disease in See Osteo)K>nibia 
osteoblasts m nctiMt) of, ISO 
See \itamiii C, drlicicncj of 
bcljc adaptation sjndroinc Set Vlarm 
reaction 

Senilitv, j rcciicniua, IGl 


bcrum 

albumin See Vlbumin serum 
alkaline phosnliata#*. See Rlnxipha 
tasc, alkaline in scrum 
calcium ‘see Calcium, m serum 
carbon dioxide See Carlxm dioMilc, 
in serum 

carutinoid See Carolinoid, in soniin 
chlondc See Chloride, in serum 
phosphatase See i'ho'iphat i»e, al 
kaliiic, m scrum 

phoophorus Sre l’ho“phorus, m wruin 
putasaium See Rotassium, in serum 
pnitein See I’rotciii, in scrum 
bex difference in inridcnec of ha-perpara 
tlijroidiam 47 

Sc\ hormones Are Viidrogen, Lstrugrii, 
Progesterone 
Sexual precocitt 
m pineal kundrumi, 2t>9 
injKdioitotie fibrous djsplasia, 2od 
ujjmtbalamic jircisurc as cause for, 

bhipherd crook deforniitj, in twlto 
Biotic fibrous djspluaii, 2t>3, 260, 
262 


Shock phtsc, 1S2 See Mvm reaction 
* bimplc" Mtauin D I ickandosleuaaJa 
cm, 217 

Skeleton See Bone 
Akiii 

lesions in 

IQ Cushing's Bjndronie, Itw 
m h^^ioparalhjToi h«ni, 2S 

in ostcoiHiruiiia, US 
thickness inercased with hormone 
thirapN, IDt) 

mtrogin to jihosphonis ratio in, 
temperature incnasc in, oven bone Ic 
sions in Paget s disease, 264 

Skull 

gross ap|>earantc of 
in normal indivi lual, 2s7 
in Puget s di'ieasc, 2J1 
* ground gloss ’ ap{>earanre of, in x ra) 
films, in osteitis fibrosa gencrali 
63ta and rinal osteitis fibnisa gen* 
eralisala, 57 
histologic sections of 
in h)|icnurath>n)idum, 114 
III Puget a dlseaw 291 
in osteu]K>roii3 of <lisu.vc, lack of in* 
vuhcmenl of, 147 

in r iget s disease, incidenre of lesion* 


tnoth <at« n 

ourselv, m Paget’s dw ase, 2>J 
fintlj, m osletii* fibrosa gcnrrati 


X ra> appearance of, W 
x raj films of 



bUBJrCT INDliJk 


3S0 


Skull, X Tiij films of (Cont'd) 

III hjperparuhyrmdisrn, priman. 
GO, C9 

III h\i>()parath>roidism, 20 
calcific ilioii 111 biisal ganglia item 
onbtrattd bv, 28 
in mulliple mjeloina, 01 
in normal individual, GO 
in osteitis fibrosa generalisjta, 60. 
CO 

in Obtcogenesis imperfecta Gl 
in Paget’s diseahc, 61, 2S7, 291, 292 
in pohostolic fibrous dysplasia. 
270 271 

to contrast different typia of |>a* 
thology, 00, 61 
Sodium citiate 

cficct of, on calcium in urine, 234 
therapy MitU 
m osteomalacia, 234 260 
in renal osteitis fihrosa gcneralisata. 
119 

Sodium fiuondc, therapy inth, to idio 
patbic ogleopurosia, 107 
Sodium lactate 

charts of metabolic effects of, 220, 348 
effect of, on calcium in urine, 234 
therapy with, in osteomalacia 234,360 
Sodium phosphite, para(h)ruid hyiicr 
plusu induced by, 47, IlG 
Sodium to nitrogen ratio in protoplasm 
See Nitrogen to sodium ratio in 
protoplasm 

SoluhiUty product of calcium and plios 
phorus ions in body fluids, 7 
m udutts, 9, 10 
m children, 9 

in disorders of calcium nietiibohscn IG 
in osteomalacia, 203 
jn rickets, bin of Howland and Jxrn 
men, 9 

See Calcium, Phosphorus 
studies on nature of cilcium salts la 
volved in, 9, 11, 14 
Solution 

parathyroid See Parathyroid hor 
mono 

Sulkowitch <Sce Sulkowitcli solution 
Spinal fusion for spondylolH thesis, alarm 
I'cactmn due to, 183 
Spleen 

cvslino deposits m, 2o8 
nitroKcn to phosphorus ratio in, 303 
Spondylolisthesis, spinal fusion for, 
alarm miction due to, 1S3 
Sprue, non tropical, and uetcomalacii, 
224 

S (sugar) hormone, 163, 1S4, 189 See 
\drcnil corlual hormones 
btngo of exhaustion, 182 iSec Alirm 
reaction 

Stage of resist incc, 1S2 i>ec Marm 
reaction 


Staghorn kidney atones Sie Nephro* 
llthiasis 

Stature^ shortnrss of, in p.scudo by/w 
pirathyroidisin, 44 

Stcatorrlica See Oslcom ilaci i uid stei 
lorrheii 

btenlity, danger of producing, iii \nung 
males with estrogen therapy, I'lo 

SloniacU 

calcium deposits m in parathyroid 
poisoning 77 

histologic section of m panthxroid 
poisoning 72 

Stomach extract therapy with in idio 
pathic ostcu])orosi8 198 
Stress and strum 
effect of 

on locution of boue lesions in Paget’s 
disease 285 

on osteoblasts, 10, 15, 8! 144 147 
227, 290 
loss of, 

in childhood, 81 148 

in Paget’s disease 1 18, 200 
Subyect index, 339 
Sulfur bilunces 

churl of inter relationships of nitro 
gen, potassium, phosphorus and 
sulfur balances 300 
theoretical, calculation of, 308 
Sulfur to iiiirogcii ratio m protoplasm 
See Nitrogen lu sulfur ratio in 
protoplasm 

SulkoxMlch solution, 34, 73 302 
Sum of the base :,i) inng mech inisma (S 
BS),215 

effect of neutral ash acid ish, and al 
kalino ash intakes on, 247 
Sunlight and osteomalacia, 217 
Supcrsaturilion of calcium iind phos 
phorus ions in bodx fluids See 
Calcium IPOS, Pliospliorua ions 
burpry 

of Iwne deformities, in thcrajiy of poly 
ostolHS fibrous djeplasix, 279 
of parathyroid glands, m therapy of 
hx{>crparulby roidism, 1(10 
Surgical ojicrations 
and oatcniiurosis, 183 
calcium 111 unne after, 185 
17 kctostcroida in, m untie, JS3, 187 
See Marm reaction 

Syndrome rexjUing from prolouzed and 
exceesix u intake of milk and alkali 
See Milk and alkali 


Fablo 

of causes of osteoporosis, 14G 
of chemical findings in ostium ilacia 
duo to two tx]H s of rt nal acidosis, 
2G0 
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Table (Coat’d) 

of effect of X ra> irradiation of bone 
metaalascs from hN^ieniephroiaa 
on blood chemisto . 
of etiologies of osteomalacia, 217 
of factors (or dermng certain cempo 
nouts of muscle protoplaam, 303 
of laboratory tests m different tjpeaof 
osteomalacia, 262 

of metabolic bone diseases m adults 
137 

of relative effect of vitamin D, dihj- 
drotacb>8lcro], and parathyroid 
hormone, 134 

Teeth 

ocatciGcation of 
in hjponarath\Toidism, 17,30 
lersus oeealci^eation, 1 
alkaline phospliatase in, C 
calciffcation of, and vitamin C, IfiO 
calcium in turnoicr of, I 
decalcification of 

lack of, in bone diseases uiih d^■^ 
calcification, 2 

lack of, in hj perp-irathjToidism with 
bone decaieificatioD, 57 
lack of, in pregnane) , 2 
deca) of, in pregnane) and calcium 
metabolism, 2 

de%e1opucnt of, chart sUoniog, 30 
developmental defects of, m tiypopara 
tU)ruidiem, 30 
histologic sections of 
m h)T)oparath^Toii]ism, 32 
ID norm^ individual, ah 
lamina dura of 
dravTiQg shovving, ST 
inhyperparath)roidism, 37 
in localized bone disease, 00 
in osteogenic imperfecta bO 
in osteoporosis h{,SG, bh, 116 
in pol)ostotic fibrous dvsplosia, 263 
X ra) films of 

in acute osteoporosis of disuse, 87 
inh)pcrparatD>roidism, pninar),5a 
in nvfMparathvroidism, 31 
m normal individual, 31 
Testes biops) findings in acmmegal), 
190, 101 

Testosterone pellets, ICO See tndrogen 
therapy 

Testosterone propionate, 130, 160, 167 
See \niirogen thirap) 

Tctan) 

blood chcmistrv in, 31, 103 
alkaline phosphatase in, in scrum, 
31, 151,202 
calcium in 

in serum, 34, 104, 120, 202 
munne,34, 104 120,262,302 
due to alkalosis, 33 
calcium in urine in diagnosis of, 33, 
302 

therap) of, 35 


Tetan) (Cont'd) 
due to h)|K>c3]rcmi3 
calcium in unne in dncnosis of 31 
I(M, 302 

cmcrgcncv ihcrapj of, m ilh calcium 
gluconate intravenuuslv 10, 113 
m bvpcrparathjroidism with beme 
disease after iiarathvroiifcc 
tom) , 101,202 

therapv of See (Meilis fibrosa 
gcnoralisata and h)pcrparatb) 
roidism, after fiarathyroidoc 
(omv, therapv of Ictanv 
in b)]x)paritliVTniihstn 2S 34 
therapv of, 36-10 iVe I{)p<n>ara 
th)T0idi«m, thcrap) of 
lu osteitis fibrosa gencraliuta and 
h)]icr)>arnthvroiiJism afterpara 
tbvroidcctom) AreTetau) due 
to hvpucaliemia in bvjierjiara 
th)Toidi6m with bone disease, 
after parath)rvidccton)> 
in Osteomalacia, 31, 221 
therapv of See OeSconulacia, 
therap) of 

in renal osteitis from gcncralKita, 
120 

Iherapv of, 120 See lleiiai ostci* 
IIS fibrosa gener-disata, tlierapv 
of 


pho<phorus in 
111 scrum 31,104,2o3 
in unne 39. llM 121) 
physical 'igos for eliciting, 32 
Chvoslek’s sign, 32 
fj^b's »ign 33 
Trousseau s sign, 33 
therap) of See TcUny due to alka 
lo«is Tetan) due to n)'])oexIctmia 
Tlicorrtiral halaueis 
calculation of Are Methods 
objectives in lalculatiiig, 3{>a 
of bod) ucight 131, lal, 161 
of calcium, 305 
of mtnigeii 3U5, 34^ 
of phoiphorus 303 
of potassium, SOS 
of sulfur, »y 
Tlicrajieutir agents 
albumin, '«rum 197,203 
alpha tocopherol ,Vc fitaniin L 
uluminum nvdroxide 3'> 06, 121 
\niigrii, la7, 1'lS A«« Casein h>‘drol) • 
iialc 

ammonium chloride, 9 160, 21J 

ascorbic acid ‘5r< \ itamin C 
calcium chloride, 3S 3 k 10 
cilcium cluiunatc 38 10 , 120, 23I,2ij 0 
caJrium lactate. 3^, 40 
casein h) IroIvKite ls7 195 
citne acid. 119, 234 , 300 
coniiiouiids affecting calcium mitali 
olism See Calemra mctabolisni, 
cuioi>ouiids affecting 
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Therapeutic agents (Cont’d) 
diet Sec Diet 
(lieitahs, 40 
fulic acid, 224 

hormonca See Hormones, ^articu* 
larly, \iiUrogcu, Estrogen, IVogea- 
lerone, ThjToid 

immobilization, 8-1, 06, 147, I61» 290, 
301 

liver extract, 108, 224 
milk, 1,34, 38, 79 
plasma protein, 201 
potassium citrate^ 234, 2C0 
saline, intravenous, 79, 06 09 
sodium citrate, 119, 234 , 200 
sodium fluoride, 197 
sodium lactate, 234, 260 
stomach extract, 198 
surgerj , 100 279 
vilamm \, 197 , 225 
viUnim B, 198 
vitumuiC, 197,301 

vitamin D, 109, 120 101, 197. 21". 221, 
225 234, 260, 202, 301 
viUmm E, 19S 225 
vilamm K, 225 
water, 96, 09, 301 
\ ray irradiation 93,99,177 
ThuroCrast iniprcgaattoii of dura, 225 
Till oat, difTieulty in swallowing and dry* 
ness of 

in hypercalcemia, 65, 301 
III liyiKrparathyroidism, 65 
m I’hlcOs disease, 301 
Thyroid gland 

ixmo metastascs in cancer of, f>2 
calcium deposits in, lu parathyroid 
poisoning, 77 
hormone of 

deficiency of, and hypoparalhjroid 
ism, 40 
excess of 

and acromegaly , 189 
and osteoporosis 145, 149,133 
and polyostotic fibrous dysplasia, 
277 

.Sf« Hyperthyroidism 
therapy with, in hypoparathyroid 
ism, 40 

Tiiyroloxicosis See HyjKrthjroioisni 
TliyTolropIiio hormone, pituitary, in 
acromigaly, 183 
libia, X ray films of 
m hypcrnarathiroidism, primary, 112 
III ncuroubromatosis, 275 ^ 

in osteomalacia and Milkmans *>•»- 
drome, 208 

m osteomalacia and renal acitl^^* of 
the tubular iiisufliciency ' with - 
out glomerular - msulfirw-ncy 
typo, 211 

111 Paget s (liscaso, 293 

111 polyostotic fibrous dysplasia, 2U3 


Titratublo acidity of urine 
increase of, as means of combatting 
acidosis. 242 

111 osteomalacia and renal acidosis of 
the lanconi syndrome type, 2U) 
m osteomalacia and renal acidosis of 
thelubulir insuflicicncy with 
out glomerular - msufllcicnci 
t%pe,200 

Titrataole icidily minus CO-, 2 f 5 
Tocopherol, alpha See Vitamin E 
Trabeculae See Bone, tr ibcculae 
Trousseau’s sign m hypopar ithytowUscn, 


latl (llivroiu slimuliling hormone) 
Sec Tliyrotrophic hormone, piiu 
itary 

Tumors of bone See Bone, tumors 


Ul.u X ruy films of 
in osteomalacia and Milkman’s syn 
drome, 21 1 

in polyostotic fibrous dysplasia 273 
Uodcrsalurution of calcium and phos 

e liorus ions in body fluids Set 
alcium ions, Phosphorus ions 
Uric icid kidney stones See Nephro 
htliiusis 

Urinary tract disorders in Jiypcr/iarafliy 
roidism, 57 

UriDO 

ability to concciitrutL oiid ticphror il 
cmosis 231 

calcium in hce Calcium in urine 
pH of and presence of calcium plios 
phato casts, 65 

phosphorus in See Phosphorus, ui 
uriuo 


Vertebra 
defomtlics of 

codfish" vertebra (fish bone ver 
tebra), 53, }42 170 
crushed lertebri 5.5 143, J44 
fishbone vertebra iSee \orlebni, 
dcfornulies of, * codfish" vertebra 
herniation of nucleus jiuljiosus 
(scbmurUches Kiiutchon) inlo 
vertebra 56 IIS, 141. 114 
w tviae d.u«ay?a uecwwraUiA 
tion, 144 

seriousness ufieii exaggerated 147 
overgrowth in anlcru iioKlcrior 
diameters of indocbomlrul ind 
ponoBieal bone of vcrtil)ra, 1%, 
197 

disease of 
m acromeg dy , 190 
in Cushings svndrnnic, Pkl 

i ircditcclion for Ixine disiusc in, 
75 

ID hvpcn’arathvToidism, 55 
m multiple myeloma, 144 
m osteoporosis, 146, 176 
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Vertebra (Cont’d) 
gross appearance of 
m acromegaly, 197 
in normal codfash, 143 
bistologic section of, in osteomaUcia 
and renal acidosis of the tubular* 
insufTicienc) - n-ilhout - glomcru 

lar insufficiency Ij pc, 2a6 

X ray films of 
in acromegalj, 196 
in osteomalacia and MiJJi7aaB*s sjn 
drome, 256 

in osteomalacia and steatorrhea, 226 
in osteoporosis of congenital hyoo* 
estnnism, 161 

in osteoporosis of Ciishtns‘s s\d 
drome, 170. 177 

diagrams, scnematie, before and 
alter reco\crj, ISO 
in post menopausal osteoporosis, 
141, 142, 143 

in renal osteitis fibroaa geacralisata, 
IIS 

show ing codfish appearance, U2, 143 
show mg cniabed appearance, 143 
showing epiphjsUis, 101 
showing herniation of nucleus i>ul* 
posus 118 141 * 

Viosterol 123 Set A itamin D 
Vitamin \ 

abscr^ioa of, effect of djeUrj Ut oa, 

deficienc) of, and steatorrhea, 35, 234 
metabolic effects of, chart of, S03 
lbcrap> with 

in idiopathic osteoporosis, 19? 
in osteomalacia, 225 
ui steatorrhea due to non tropical 
sprue, 225 

Vitamin D, Iherap) with, in idiopathic 
Ojjleoporos2S, JflS 
Vitamin C 

and bone formation, 150 
and calcihcation of teeth, loO 
and osteoblast activity, ISO 
deficiency of, and osteoporosis, ijO 
therapy with 

in luiopatbic osteoporosis, 107 
in Paget’s disease, 301 
V itamm D 

absorption of, cfTecl of dietary fat on. 


223 
action of 

anil rachitic nature of, 36 
diagram of metabolic sequelae of, 133 
first (primary), 125 
second (secondary), 130 
studies of, 122 

deficicnc\ of <See Osteomalacia and 
hypoMtamuiosis D 
effect of 
on calcium 

absorption from gaslro intestinal 
tract, 36, 125, 235 


Vitamin D 
effect of 

on calcium (Cont’d) 
m fetes, 122 J35 
in serum, 127 131, 134,222 
m urine, 9o 127 
on kidney tubules, 134 
on mineral metabolism charts of 
123, 124, 12a 12s, 122, 132. lA* 
200, 219, 220, 222 
on pho«phorua 
in scrum, 127, 134, 222 
m urine 130 

excess of See Poisoning, vitamin D 
hyperx itaminosis D ire Poisoning, 
xitamin D 

by {lOx 1 taminosis D <See Osteomalacia 
and hy pox 1 tominosis D 
poisoning See Poisoning, xitamin D 
resistance to <See Osteomalacia snd 
resistance to vitamin Z> 
tabic of relative effect of dih\drn> 
lacliy sterol, parathyToid hormoDC, 
and, 134 
iberapy with 

in bx’pcrparalhyroidjsai, prunary, 
wiiu bono disease and post para 
thyroidccfoinv tetany, 109 
in bypoparalhyroidism >0 
in hxpovitanimosui 19, 217, 231, 22o 
ra Kliopaibio osteoporosis IS? 

IQ osteitis 6hroBa griicraliSata and 
hyperparathyroidism with post* 
paratbyroidcclomy letant llX> 
in usteomalacia, 21i, ftll, 235, 334, 
2C0. 202 

in osicojiorosu, Iiibh intake of, not 
indicated ICl 
in Pugei’o disease 301 
in renal osteitis fibrosa gcneralisata, 
)20 

in steatorrhea due to non tropical 
sprue, 225 

m tetany See Tetany, therapy of 
Vitumiu Di, 122 ire V itamin D 
Vitamin Di, 122 See V itamin D 
Vitamin L 

absoqitioa of, effect of dietiry /at on, 
223 

deficiency of, and steatorrhes, 227 
tbenipy with 

in idiopathic osteoporosis, 19^ 
in ostconulacia, ^ 

III atcaloirhea due to non tropical 
sprue, 225 
\ Itamin K 

absonitiou of, effect of dictarx fat oa, 
223 

(Icficicney of, and steatorrhea, 35, 224 
therapy with 
in ostcomalacis 225 
in slcalorrhca due to non tropical 
sprue, 225 
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Vitamins, fat-solulile See Vitamin Aj 
Vitamin D, Vitamin E, Vitamin K 
Von UecUinghauscii’s disease 
relation to polyostotic fibrous dys- 
plasia (osteitis fibrous dissemi- 
nata), ^ 

See Osteitis fibrosa gcncrahsaU and 
hj peniarathroidism 


Water as therapeutic measure 
lo bjjicrparatujToidism, 'J9 
ID li}pervitaminosi8 I), 06 
in i’agct's disease, 301 

)Vri3t 

cpiphjseal cartilage of, not involved 
in Cushing's syndrome, 181 
X ray films of 

m Cushing’s syndrome, 181 
m elemental phosphorus poisoning, 
138 

in osteomalacia and renal aeidosia of 
the tubular insuffieieucy nithout 
glomerular insufficiency typo, 233 

Xanthomatosis iSee Lipoid granulo 
matosis 

\ ray 
jppearanco 

of bone cy stSj S7 112-114 
of bona tumors, 37, 112-114 


X ray 

appearance (Cont’d) 
of kidney stones, C3 
of skulls, 60 
diagnosis 

of bone disease in hypcrparalhy 
roidism, 37 

of bone disease m osteitis fibrosa 
gCQcralisata, 37 
films 

See Illustrations, x ray films 
uso of, to dctemiinc chemistry of 
kidney stones, &4 
irradiation 
of lione mctastascs 
effect on calcium, phosphorus, and 
alkaline phosphatase in scrum 
of, 03 

table of effect on blood chemistry 
of, 04 

of puratfivroid glands, in primary 
h\'pcriJarathyToidism 
cficct as therapy on coarse of dis- 
ease, 00 

effect on calcium, phosphorus, and 
alkaline phosphatase m serum 
of 09 

of pituitary gland, m therapy of 
Cushing’s sy iidromc, 177 



